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Introduction 


This catalog provides you with details about NEC’s 
total memory product line, which is the broadest in the 
industry today. NEC memories not only give you a 
wider selection of device types, they also allow you to 
choose from various configurations and process tech- 
nologies within a specific type of device. The variety of 
NEC memories gives you greater design alternatives 
and the ability to choose the part that truly fits your 
product. 


Memory Product Overview 
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MC-411000A1 uPD414256 
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The catalog is divided into sections for each of our 
major memory groups: ASMs, DRAM Modules, DRAMs, 
XRAMs, MOS SRAMs, ECL RAMs, EPROMs, Masked 
ROMs, Bipolar PROMs, and Packaging Information. 
The selection guides include detailed specifications 
and packaging information. In Section 2 of this catalog, 
you will find a description of the quality and reliability 
procedures that have enabled NEC to reach the highest 
quality standard currently available. 
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MEMORY PART NUMBER GUIDE 
Monolithic 
uP Db 41 256 V -12 


Speed Selection 


Fi 


-xrAQDOUOD 
l| 


Package = Ceramic Flatpack 

= Plastic DIP 

Cerdip or Ceramic DIP 

= Plastic Miniflat 

= Ceramic Leadless Chip Carrier 
= Plastic Leadless Chip Carrier 
LA = Plastic Small Outline J-Lead 


V = Plastic Zig-Zag Inline Package 
Device Identifier (2 to 4 characters) 


Product Class 10 = 10K ECL RAM 
100 = 100K ECL RAM 
21 = NMOS Static RAM 
23 = NMOS ROM 
CMOS ROM 
NMOS EPROM 
27C = CMOS EPROM 
4 = Bipolar PROM 
40 = NMOS Static RAM 
41 = NMOS Dynamic RAM 
42 = CMOS Dynamic RAM 
43 = MIX-MOS Static RAM 
44 = CMOS Static RAM 


Device Type B = Digital Bipolar 
D = Digital MOS 
NEC Monolithic Silicon Integrated Circuit 


o> 
nN 

1 O 
lll 


Module 
MC- 41 256A 8 -12 


Speed Selection 


fi 


Number of Output Bits 


Word Depth Indicator 256A = 256K Words 
1000A = 1024K Words 
Product Class 41 = NMOS Dynamic RAM 


NEC Module 
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Advanced Memory Products 


Several products were in development but not yet 
announced at the time of printing this Data Book. In 
order to help the customers of NEC Electronics with 
their product planning and to extend the useful life of 
this Data Book, some of these new products are 
outlined below. 


Application-Specific Memories 


The industry-leading Video RAM is the wPD41264. In 
1986 the focus for this device will be on new higher- 
performance versions and also denser packaging 
options and lower power consumption. 


Other application specific memories in development 
are targeted for graphics, data communications, and 
other specialized memory requirements. 


Dynamic RAM Modules 


More module-based products will be announced in 
1986 based on dynamic RAM and other memory 
technologies. 


Dynamic RAMs 


NEC Electronics will continue to build on its leadership 
position in this product category with new devices (1M 
DRAMs) and enhanced performance versions of pre- 
viously announced devices. Key product developments 
are centered around higher density, lower power, and 
faster access times. There are also product develop- 
ment trends toward higher density packaging and 
alternate memory organizations (x 4, x 8). 
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XRAMs 


Higher-density products are in development in this 
unique product family. These products will be CMOS 
for low power and ease of use. 


Static RAMs 


1986 will be a year of many new announcements in this 
product family. There will be an emphasis on faster 
speed and lower power for the industry leader in 
density, the wPD43256, a 32K x 8 Mix-MOS Static RAM. 
In both the MOS and the ECL product families from 
NEC Electronics, several new high-speed products will 
be announced in 1986, including a 256K Mix-Mos 
Static RAM and a 16K ECL RAM; and there will be new 
speed options available on existing devices, such as 
the uwPD4364, uwPD4464, and wPD43256. In addition, 
NEC Electronics will continue to focus on the other 
needs of its customers, particularly in the areas of 
high-density surface mount packaging and wide 
memory organization (x 4, x 8). 


Non-volatile Memories 


In this product family, too, the emphasis will be on 
advanced packaging, such as for the wPD27C256AK/G 
(832K x 8 CMOS EPROM), and advanced products such 
as the uPD28C64 (8K x 8 EEPROM), OTP EPROMs, the 
uUPD27C1024 (64K x 16 CMOS EPROM), and the 
uPD23C2000 (128K x 16 or 256K x 8 CMOS ROM). 
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Application-Specific Memory Selection Guide 


Maximum Power 


Access Cycle Supply ___ Dissipation (mW) (mW) 

Device Organization Process Time (ns) Time (ns) Voltage Standby Active Package Pins 
uPD41101-3 910x8 NMOS 2/7 34 +5 _ 495 C 24 
uPD41101-2 27 34(R)/69(W) 
uPD41101-1 49 69 
uPD41102-3 1135 x 8 NMOS 21 28 +5 — 495 C 24 
uPD41102-2 21 28(R)/56(W) 
uPD41102-1 40 56 
uPD41221-70 224K x 1 NMOS 55 70 +5 83 385 C 14 
uPD41221-90 75 90 
uPD41264-12 64K x 4 NMOS 120 Port A 220 Port A +5 66 853 C 24 

with 40 Port B 40 Port B 
uPD41264-15 dual 150 Port A 270 Port A 715 

ports 60 Port B 60 Port B 


Note: 
Package: C = Plastic DIP 


Dynamic RAM Module Selection Guide 


Maximum Power 


Access Cycle Supply ___Dissipation (mW) 

Device Organization Process Time (ns) Time (ns) Voltage Standby Active Package Pins 
MC-41256A4-12 256K x 4 NMOS 120 220 +5 110 1826 A/C 22 
MC-41256A4-15 150 260 1540 

MC-41256A5-12 256K x5 NMOS 120 220 +5 138 2283 A/C 24 
MC-41256A5-15 150 260 1925 

MC-41256A8-12 256K x8 NMOS 120 220 +5 220 3652 A/B 30 
MC-41256A8-15 150 260 3080 

MC-41256A9-12 256K x9 NMOS 120 220 +5 248 4109 A/B 30 
MC-41256A9-15 150 260 3465 

MC-411000A1-12 1Mx 1 NMOS 120 220 +5 110 539 A/C 22 
MC-411000A1-15 150 260 468 


Note: 


Package: A= Single Inline Memory Module (SIMM), Leaded, Glass-Epoxy Substrate; B=S!IMM, Socket Mounted; C = SIMM, Leaded, Ceramic 
Substrate 
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Dynamic RAM Selection Guide 


Maximum Power 
Dissipation (mW) 


Access Cycle Sy ees 

Device Organization § Process Time (ns) Time (ns) Voltage Standby Active Package Pins 
uPD4164-10 64K x 1 NMOS 100 200 +5 28 330 C 16 
uPD4164-12 120 230 303 
uPD4164-15 150 260 275 
uPD4164-20 200 330 248 
uPD4265-20 64K x 1 CMOS 200 330 +5 2.8 193 C 16 
uPD4265-25 290 410 165 
uPD41256-12 256K x 1 NMOS 120 220 +5 28 457 C/L/V C= 16, 
uPD41256-15 150 260 385 L = 18, 
uPD41256-20 200 330 330 V = 16 
uPD41257-15 256K Xx 1 NMOS 150 270 +5 28 385 C/L C= 16, 
uPD41257-20 200 335 330 L=18 
uPD41416-12 26K x 4 NMOS 120 220 +5 28 303 C 18 
uPD41416-15 150 260 275 
uPD41416-20 200 330 248 
uPD41464-10 64K x 4 NMOS 100 200 +5 28 440 C/L 18 
uPD41464-12 120 220 413 
uPD41464-15 150 260 385 
uPD411000-10 1M x 1 MNOS 100 200 +5 28 550 C/LA C= 18, 
uPD411000-12 120 220 495 LA = 26/20 
uPD411000-15 150 260 440 
uPD411001-10 1M x 1 NMOS 100 200 +5 28 550 C/LA C= 18, 
uPD411001-12 120 220 495 LA = 26/20 
uPD411001-15 150 260 440 
uPD414256-10 256K x 4 NMOS 100 200 +5 28 550 C/LA C= 20, 
uPD414256-12 120 220 495 LA = 26/20 
uPD414256-15 150 260 440 
Note: 
Package: C = Plastic DIP; L = Plastic Leaded Chip Carrier; V = Zig-zag Inline Package; LA = Small Outline J-Lead Package 
XRAM Selection Guide 

Maximum Power 

Access Cycle Supply ___ Dissipation (mW) (mW) 

Device Organization § Process Time (ns) Time (ns) Voltage Standby Active Package Pins 
uPD4168-12 8K x 8 NMOS 120 220 +5 28 358 C 28 
uPD4168-15 150 260 330 
uPD4168-20 200 330 303 
uPD42832-10 32K x 8 CMOS 100 160 +5 2.8 330 C/G 28 
uPD42832-12 120 190 275 
uPD42832-15 150 235 220 


Note: 
Package: C = Plastic DIP; G = Plastic Miniflat Package 
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MOS Static RAM Selection Guide 


Maximum Power 
Dissipation (mW) 


Access Cycle Supply 4 
Device Organization Process Time (ns} Time (ns) Voltage Standby Active Package Pins 
uPD446-3 2K x 8 CMOS 150 150 +5 0.055* 209 C/G 24 
uPD446-2 200 200 165 
yuPD446-1 250 250 143 
uPD446 450 450 99 
uPD449-3 2K x 8 CMOS 150 150 +5 0.055* 209 C 24 
puPD449-2 200 200 165 
yuPD449-1 250 250 143 
uPD449 450 450 99 
uPD2147A-25 4K x 1 NMOS 25 25 +5 110 880 D 18 
uPD2147A-35 35 35 
uPD2147A-45 45 45 
pPD2149-2 1K x 4 NMOS oo 35 +5 _ 990 D 18 
uPD2149-1 45 45 
uPD2149 55 55 
uPD4016-5 2K x 8 NMOS 120 120 +5 83 330 C 24 
uPD4016-3 150 150 
uPD4016-2 200 200 
uPD4016-1 250 250 
uPD4311-35 16K x 1 Mix-MOS a5 35 +5 11 440 C 20 
uPD4311-45 45 45 
uPD4311-55 55 55 
yuPD4314-35 4K x 4 Mix-MOS 35 35 +5 11 440 6 20 
uPD4314-45 45 45 
uPD4314-55 55 55 
uPD4361-40 64K x 1 Mix-MOS 40 40 +5 11 660 K 22 
uPD4361-45 45 45 C/K 
uPD4361-55 55 55 C/K 
uPD4361-70 70 70 G 
uPD4362-45 16K x 4 Mix-MOS 45 45 +5 11 495 C 22 
uPD4362-55 55 55 
uPD4362-70 70 70 
uPD4364-12 8K x 8 Mix-MOS 120 120 +5 11/0.55/0.055 220 C/G 28 
uPD4364-15 150 150 220 
uPD4364-20 200 200 193 
uPD4464-15 8K x 8 CMOS 150 150 +5 0.055/0.0055 220 C/G 28 
uPD4464-20 200 200 193 
uPD43256-10 32K x 8 Mix-MOS 100 100 +5 11/0.55 385 C/G 28 
uPD43256-12 120 120 
uPD43256-15 150 150 


Note: 
Package: C = Plastic DIP; G = Plastic Miniflat Package; D = Cerdip; K = Ceramic Leadless Chip Carrier (LCC) 
* Lower power version available; refer to the data sheet for more detail. 
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ECL RAM Selection Guide 


Address Chip Select 

Access Access Supply Maximum Power 
Device Organization | Process Time (ns) Time (ns) Voltage Dissipation (mW) Package Pins 
uPB10422-7 256 x 4 10K 7 5" —§.2 1144 D 24 
uPB10422-10 10 5" 
uPB10470-10 4K x 1 10K 10 6 —5.2 1144 D 18 
uPB10470-15 15 8 
uPB10474-8 1K x4 10K 8 5 —5.2 1144 D 24 
pPB10474-10 10 6 
pPB10474-15 15 8 
yPB100422-7 256 x 4 100K 7 5” —4.5 990 B/D 24 
uPB100422-10 10 5" 
uPB100470-10 4K x 1 100K 10 6 —45 990 D 18 
uPB100470-15 15 8 
uPB100474-4.5 1Kx4 100K 45 4 —45 2025 K 24 
uPB100474-6 6 4 2025 B/K 
uPB100474-8 8 5 990 B/D 
uPB100474-10 10 6 990 B/D 
uPB100474-15 15 8 990 B/D 


Note: 
Package: D = Ceramic DIP; B = Ceramic Flat Package; K = Ceramic Leadless Chip Carrier (LCC) 
* Block Select Access Time (ns). 
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EPROM Selection Guide 
Maximum Power 

Access Programming Supply ___Dissipation(mW) 
Device Organization Process Time (ns} Option Voltage Standby Active Package Pins 
uPD2764-2 8K x 8 NMOS 200 UV +5 210 499 D 28 
uPD2764 250 UV/OTP C/D 
uPD2764-3 300 UV/OTP C/D 
uPD2764-4 450 UV/OTP C/D 
uPD27128-2 16K x 8 NMOS 200 UV +5 210 604 D 28 
uPD27128 250 UV/OTP C/D 
uPD27128-3 300 UV/OTP C/D 
pPD27128-4 450 UV/OTP C/D 
uPD27256 32K x 8 NMOS 250 UV +§ 210 604 D 28 
uPD27256-3 300 
uPD27C64-20 8K x 8 CMOS 200 UV +5 0.55 165 D 28 
uPD27C64-25 250 UV/OTP C/D 
uPD27C64-30 300 UV/OTP C/D 
uPD27C256-15 32K x 8 CMOS 150 UV +5 0.55 165 D 28 
uPD27C256-20 200 UV/OTP C/D 
uPD27C256-25 250 UV/OTP C/D 
uPD27C256A-12 32K x 8 CMOS 120 UV +3" 0.55 165 D/K 28 
uPD27C256A-15 150 UV/OTP C/D/G/K (except K = 32) 
uPD27C256A-20 200 UV/OTP C/D/G/K 
uPD27C512-15 64K x 8 CMOS 150 UV +5* 0.55 165 D 28 
uPD27C0512-20 200 
uPD27C0512-25 250 
uPD27C1024-15 64K x 16 CMOS 150 UV +5" 0.55 275 D 40 
yuPD27C1024-20 200 
uPD27C1024-25 200 
Note 


Package: C= Plastic DIP for OTP (One Time Programmable) EPROMs; G = Plastic Miniflat Package for OTP; 
D = Ceramic DIP with quartz window; K = Ceramic Leadless Chip Carrier with quartz window 


*Programming voltage = 12.5+0.3V 
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Mask-Programmable ROM Selection Guide 


Maximum Power 


— Cycle Dissipation (mW)* 
Device Organization Process Time (ns) Time (ns) Operation Standby Active Package Pins 
uPD2364A-1 8K x 8 NMOS 150 150 Static 83 385 C 24 
uPD2364A 200 200 
uPD2364E-1 8K x 8 NMOS 200 200 Static 105 420 C 28 
uPD2364E 250 290 
uPD23128E 16K x 8 NMOS 250 250 Static 138 495 C 28 
uPD23C64E-1 8K x 8 CMOS 150 150 Static 0.165 165 C 28 
uPD23C64E 200 200 138 
uPD23C128E-1 16K x 8 CMOS 150 150 Static 0.165 165 C 28 
uPD23C128E 200 200 138 
yuPD23C256E-1 32K x 8 CMOS 150 150 Static 0.165 165 C/G 28 
pPD23C256E 200 200 138 
uPD23C 1000-1 128K x 8 CMOS 200 200 Static 0.55 220 C 28 
uPD23C 1000 250 290 
uPD23C2000 128K x 16 or CMOS 250 250 Static 0.55 220 C 40 
256K x 8 

Note: 
Package: C = Plastic DIP; G = Plastic Miniflat Package 
* Supply voltage = +5 V for all ROMs. 
Bipolar PROM Selection Guide 

Address Chip Select 

Access Access Supply Maximum Power 
Device Organization § Process Time (ns} Time (ns} Voltage Dissipation (mW) Package Pins 
uPB426-3 1K x 4 TTL 35 25 +5 826 C/D 18 
uPB426-2 50 30 
yuPB426-1 60 40 
yPB426 70 45 
pPB429-3 2K x 8 TTL 45 30 +5 880 C/D 24 
pPB429-2 50 30 
yPB429-1 60 40 
pPB429 70 50 


Note: 
Package: C = Plastic DIP; D = Ceramic DIP 
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Introduction 


NEC has adopted Total Quality Control (TQC) to 
ensure the highest quality and reliability of its state-of- 
the-art memory products. With TQC, excellence is 
built into the product at every phase of production. 


As large-scale integration reaches higher density levels, 
simple quality inspections cannot ensure adequate levels 
of excellence. Only with TQC during every stage of 
production, can NEC maintain its total product 
superiority in the semiconductor industry. 


Approaches to Total Quality Control 


Total Quality Control enables early detection of 
possible failures in memory products, so that problems 
in design may be prevented. Immediate action can then 
be taken before a problem occurs. 


At NEC, all employees are involved with the concept 
and methodology of TQC. This quality insurance 
policy is an integral part of the entire organization. 


NEC’s research and development constantly strives to 
achieve higher standards. This ongoing process 
reduces extensive failure analysis and corrective 
actions taken as preventative measures. 


Our goals are to upgrade quality standards and to 
further improve the superior product that has become 
synonymous with the NEC name. 


implementations of Distributed 
Quality Control 


Building excellence into a product requires the earliest 
possible detection of failure in each phase. Immediate 
action is taken to remove the cause of failure. Because 
fixed-station quality inspection often precludes the 
ability to take immediate action, it is necessary to 
perform quality control functions at each step — 
especially at the conceptual stage. 


Here are the significant stages 


L] Product development 

L] Wafer processing 

L] Assembly 

L) Electrical testing and screening 
CL] Pre-inventory inspection 

L] Reliability assurance test 


QUALITY AND RELIABILITY 


Product Development 


The product development phase includes product 
conception, review of the device proposal, organization 
and physical element design, engineering evaluations, 
and transfer of the product to manufacturing. 


In every step of the product development phase, quality 
and reliability requirements must be satisfied. Utilizing 
the TQC approach has shortened the product develop- 
ment cycles by two to three months. Building 
superiority into the product cannot be sacrificed — 
TQC is a way of life at NEC. 


Wafer Fabrication Process Flow 


The in-process quality inspections (frequency) that 
occurs at the wafer fabrication stage are as follows: 


Flow Process Typical Item Frequency 
(Wafers) 
Dimension Every lot 
Incoming inspection —_ Resistivity Every lot 
Appearance Every lot 
(Masks) 
Incoming inspection 
Photo lithography Alignment accuracy _— Every lot 
Etching accuracy Every lot 
Difuse and oxidize Oxide thickness Every lot 
Sheet resistivity Every lot 
Metalize Aluminum thickness Every run 
Electrical parameters Every lot 
Passivation CVD thickness Every run 
Wafer sort Electrical 
characteristics 100% chips 
Dicing 
Chip visual Appearance 100% chips 
To assembly 


Note: The wafer fabrication steps repeated in the actual flow, 
which complies with our manufacturing specification, are 
eliminated in this diagram. 
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Assembly Process Flow of Plastic Memories 


The in-process quality inspections (frequency) that 
are done during the assembly process are as follows: 


Flow Process Typical Item Frequency 

Chip 

(Lead frame, solder) 

Incoming inspection 

Chip mounting Appearance Every lot 

(Fine Wire} 

Incoming inspection 

Wire bonding Bond strength Every shift 

Pre-seal visual Appearance 100% IC's 

(Molding compound) 

Incoming inspection 

Molding Appearance 100% IC’s 

Thermal aging 

Plating 

Plating inspection Appearance Every lot 
Solderability Every day 
Thickness Every day 


Lead cut and bending 
Marking 
To test 


Marking permanency Every run 
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Electrical Testing and Screening 


Electrical testing and infant mortality screening are 
performed at this stage. The flow chart below depicts 
the process. 


Flow Process Frequency 
Assembly 
Ist electrical test 100% 
Burn-in 100% 
2nd electrical test 100% 
PDA 
Pre-inventory inspection Every lot 
Reliability assurance test Every lot or 


every month 
Warehouse/finished goods 
Customer 


In the first electrical test, DC parameters are tested, in 
accordance with electrical specifications, on 100% of 
each lot. This prescreen performance is completed 
prior to the infant mortality testing. 100% burn-in, as an 
integral part of the standard production process, is the 
most significant preventative measure NEC has 
implemented. 


In the second electrical test, AC functional as well as 
DC parameter tests are performed. If the percentage of 
defective units exceeds a set limit, the lot is subject to 
an additional burn-in. During this second burn-in, the 
defective units undergo a failure analysis. The results 
of this analysis are then fed back into the process for 
corrective action. 


Pre-Inventory Inspection 


Prior to warehouse storage, lots are subject to an 
incoming inspection according to the following 
sampling plan: 

CL) Electrical Test — DC parameters LTPD 3% 


Function test LTPD 3% 
L]) Appearance — LTPD 3% 
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Reliability Assurance Test 


The reliability assurance tests performed by NEC 
consist of high temperature operating life (HTOL), 
high temperature humidity life (HTSL), high humidity 
storage life (HHSL), and high humidity operating life 
(HHOL). In addition, various environmental and 
mechanical tests are also performed. Table 1 shows 
test conditions of various life tests, environmental 
tests, and mechanical tests performed on samples 
taken from similar process families on a monthly basis. 
Table 1. 


MIL-STD 883B 


Test Item Symbol Method, Condition Remarks 
High temperature 1005D (T, = 125°C) 
operating life HTOL Vpp as specified Note | 
High temperature _, 4Ehie 
storage life HTSL 1008 (T, = 150°C) Note 1 
High humidity Ta = 85°C at 85% RH 
operating life ial Vop as specified sal 
High humidity _— 5 
storage life HHSL = Ta = 85°C at 85% RH Note 1 
Pressure cooker test PCT 125°C (2.5 atm) Note 1 
Broken lead is 
Lead Fatigue C3 2004B2 considered to be 
a reject 
Less than 95% 
Ta = 230°C, 5 sec coverage is 
Solderability uf Use resin base flux considered to be 
a reject 
260°C, 10 sec w/out 
Soldering heat C6 flux — Note 2 Note 1 
Temperature cycle C6 ie! . : at Note 1 
1011A; 15 cycles 
Thermal shock C6 0°C to 100°C Note 1 


Notes: 1. Electrical test per data sheet is performed. Devices that 


exceed these data sheet limits are considered to be 
rejects. 
2. MIL-STD-750A Method 2031. 
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Summary 


Building quality and reliability into products is the 
most efficient way to ensure product excellence. NEC’s 
TQC process steps form a consolidated quality control 
system and guarantees a superior product. 


The introduction of 100% burn-in and the performance 
of monthly reliability assurance tests, have established 
a singularly high standard of excellence for NEC’s 
large-scale integrated circuits. 


With total commitment to Total Quality Control, NEC is 
committed to producing superior products. Through 
continuous research and development, extensive failure 
analysis and process improvements, NEC continues to 
set and maintain the highest standards of quality and 
reliability. 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


This device is a 910-word by 8-bit first-in first-out 
biport memory fabricated with the N-channel silicon 
gate process. The device helps to create an NTSC 
flicker-free television picture (noninterlace conversion) 
by providing intermediate storage and very high speed 
read and write operations. 


The uPD41101 can also be used as a digital delay line. 
The delay length is variable from 10 to 910 bits. 


Features 


C) 910-word x 8-bit organization 

QO) FIFO (first-in first-out) biport memory 

O) Suitable for NTSC, 4fsc digital television systems 

CJ Asynchronous and simultaneous read/write 
operations 

0 Can be used as a 1H (910-bit) delay line 

CO) TTL compatible 

1) Three-state outputs 

CL) Single 5 V + 10% power supply 

C) 24-pin, 300 mil DIP package 


Performance Ranges 


Read Read Write 

Cycle Access Cycle 
Device Time (Min) Time (Max) Time (Min) 
pwPD41101-3 34 ns 27 ns 34 ns 
uPD41101-2 34 ns 27 ns 69 ns 


uPD41101-1 69 ns 49 ns 69 ns 


Pin Identification 
No. Symbol 
1-4, 9-12 


Function 


Douto-Dout7 Read data outputs 


5 RE Read enable input 

6 RSTR Read address reset input 
7 GND Ground 

8 RCK Read clock input 

13-16, 21-24 Dino-Din7 Write data inputs 

17 WCK Write clock input 

18 Voc 5 V power supply 

19 RSTW Write address reset input 
20 WE Write enable input 


uPD41101 
910 x 8-BIT 
FIFO MEMORY 


Pin Configuration 


~ 
o 
= 
= 
z 
2) 
a 
-s 


Douts LJ 10 
Doute (J 11 
Dout7 [J 12 
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Pin Functions 
Dino-Din7 [Data Inputs] 


In adigital television application, the digital composite 
signal, luminance, chrominance, etc., information is 
written into these inputs. 


Douto-DoutT7 [Data Outputs] 


These tri-state outputs are used to access the stored 
information. Inasimple digital delay line application, a 
minimum delay of 10 clock cycles is required to move 
data from the data inputs to the data outputs. 


RSTW [Write Address Reset Input] 


Bringing this signal to a low level resets the internal 
write address to 0. The state of this input is strobed by 
the rising edge of WCK. 


RSTR [Read Address Reset Input] 


Strobed by the rising edge of RCK, this signal resets 
the internal read address to 0. 


WE [Write Enable Input] 


This input controls write operations. If WE is at a low 
level, all write operations proceed. If WE is at a high 
level, no data is written to storage cells and the write 
address stops increasing. The state of WE is strobed by 
the rising edge of WCK. 


RE [Read Enable Input] 


This signal is similar to WE but controls read operations. 
If RE is at a high level, the data outputs become high 
impedance and the internal read address stops in- 
creasing. The state of RE is strobed by the rising edge 
of RCK. 
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WCK [Write Clock Input] 


All write operations are performed synchronously with 
WCK. The states of both RSTW and WE are strobed by 
the rising edge of WCK at the beginning of acycle, and 
the data inputs are strobed by the rising edge of WCK 
at the end of a cycle. The internal write address 
increases with each WCK cycle unless WE is ata high level 
to hold the write address constant. Unless inhibited by 
WE, the internal write address will automatically wrap 
around from 909 to 0 and begin increasing again. 


RCK [Read Clock Input] 


All read operations are performed synchronously with 
RCK. The states of both RSTR and RE are strobed by 
the rising edge of RCK at the beginning of acycle. This 
same edge of RCK starts the internal read operation, 
and access time is referenced to this edge. The internal 
read address increases with each RCK cycle unless RE 
is at a high level to hold the read address constant. 
Unless inhibited by RE, the internal read address will 
automatically wrap around from 909 to 0 and begin 
increasing again. 


Block Diagram 


NEC 


Absolute Maximum Ratings 


Supply voltage, Vcc —1.5 to +7.0 V 
Voltage on any input pin, V; —1.5to +7.0V 
Voltage on any output pin, Vo —15 to +7.0V 
Short circuit output current, los 20 mA 
Operating temperature, Topp —20 to +70°C 
Storage temperature, TsTg —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Read 
Control 


Write Dual-Ported 
Column Memory 
Selectors Cell Array 


Douto— DoutT7 


Dino — DiN7 


Control 
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Figure 1. Connection for Noninterlace Conversion 


RCK 
(8fsc = 28.6 MHz] 


Actual Line 
Data Inputs 
A 


Noninterlaced Line 
Data Outputs 
X 


Interpolated Line 
Data Inputs 


Transmitted Displayed 
Television — Television 
Picture Picture 


\ 
Interpolated Line 


WCK 
[4fsc = 14.3 MHz] 
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Recommended DC Operating Conditions DC Characteristics 


Ta = —20 to +70°C Ta = —20 to +70°C; Voc = 5.0 V +10% 
Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 
Supply Vec 45 650 55 ¥ Write/Read Icc 90 mA 
voltage cycle operating 
Ground GND 0 06000COCSYV a 
ee Input leakage I —10 10 wA V;=0to Voc; all 
sh voltage VIH a4 id current other pins not 
g under test =0 V 
Hi voltage i aa Output leakage |p 10 10 yA Doyris disabled: 
current Vo =0to5.5V 
. Output voltage Vou 2.4 Vo lon =—1 mA 
Capacitance high 
er on. — %: f= 
Ta 20 to +70°C; Voc = 5.0 V +10%; f = 1 MHz Output voltage ex 04 V Io. =2mA 
Limits Test low 
Parameter Symbol Min Typ Max Unit Conditions Note: 
Input C 5 oF WE, RE, WCK., (1) All voltages are referenced to ground. 
Capacitance RCK, RSTW, 
RSTR, Djno-Dinz 
Output Co 7 ~~ pF Douto-Dout7 


Capacitance 


Note: 
(1) These parameters are sampled and not 100% tested. 
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AC Characteristics 
Ta = —20 to +70°C; Voc = 5.0 V + 10% 


Limits 

uPD41101-3 wPD41101-2 wPD41101-1 Test 
Symbol Parameter Min Max Min Max Min Max Unit Conditions 
twcK Write clock cycle time 34 1090 69 1090 69 1090 ns 
twcow WCK pulse width 14 29 29 ns 
twcp WCK precharge time 14 20 29 ns 
tack Read clock cycle time 34 1090 34 1090 69 1090 ns 
trow RCK pulse width 14 14 20 ns 
trcp RCK precharge time 14 14 25 ns 
tac Access time 27 2/7 49 ns 
tacr Access time after a reset cycle 49 49 49 ns 
toH Output hold time 5 5 5 ns 
toHR Output hold time after a reset cycle 5 5 5 ns (Note 7) 
tLz Output active time 5 27 a 27 5 49 ns (Note 4) 
tyz Output disable time ) 27 9 2/7 5 49 ns (Note 4) 
tos Data-in set-up time 14 18 18 ns 
toH Data-in hold time 5 5 5 ns 
trs Reset active set-up time 14 14 20 ns (Note 8) 
tRH Reset active hold time 3 5 5 ns (Note 8) 
tRnt Reset inactive hold time < 5 5 ns (Note 9) 
trn2 Reset inactive set-up time 14 14 20 ns (Note 9) 
twes Write enable set-up time 14 20 20 ns (Note 10) 
tWEH Write enable hold time 5 5 5 ns (Note 10) 
tWent Write enable high delay from WCK 5 5 5 ns (Note 11) 
tWen2 Write enable low delay to WCK 14 20 20 ns (Note 11) 
tres Read enable set-up time 14 14 20 ns (Note 10) 
tREH Read enable hold time 5 5 5 ns (Note 10) 
tREN1 Read enable high delay from RCK 5 5 5 ns (Note 11) 
tREN2 Read enable low delay to RCK 14 14 20 ns (Note 11) 
twew Write disable pulse width 0 (Note6) 0 (Note6) 0 (Note6) ms 
tRew Read disable pulse width 0 (Note6) 0 (Note6) 0 £(Note6) ms 
tastw Write reset time 0 (Note6) 0 (Note6) 0  (Note6) ms 
trsTR Read reset time 0 (Note6) 0 (Note6) QO  (Note6) ms 
ty Transition time 3 35 3 35 3 35 ns 
Note 


(1) All voltages are referenced to ground. 

(2) Input pulse rise and fall times assume ty = 5 ns. 

(3) Input pulse levels = GND to 3 V. Transition times are measured between 3 V and 0 V. 

(4) This delay is measured at + 200 mv from the steady state voltage with the load specified in figure 4. Under any conditions, t_z = tyz. 


(5) Input timing reference levels = 1.5 V. 


N. E C vuPD41101 


AC Characteristics (cont) 


Note [cont]: 
(6) twew (max) and trew (max) must be satisfied by the next equations in 1 line cycle operation: 


twew + tastw + 910twoK <=1ms 
trew t+ taste + 910tacK = 1 ms 


(7) This parameter has meaning when track = tacr (max). 
(8) If either tas or try is less than the specified value, reset operations are not guaranteed. 


(9) Ifeither tay or tana is less than the specified value, internal reset operations may extend to cycles immediately preceding or following the 
period of desired reset operations. 


(10) If either twes or tweH (tres Or trey) is less than the specified value, write (read) disable operations are not guaranteed. 


(11) If either tweny Or tweno (tRreENi OF treng) is less than the specified value, internal write (read) disable operations may extend to 
cycles immediately preceding or following the period of desired disable operations. 


Figure 2. Connection for a 1H (910 Bit) Delay Line AC Input Timing Reference Waveform 


83-003650A 


Data AC Output Timing Reference Waveform 
Inputs 8 Outputs 


83-003651A 


83-003639A 


Figure 3. Output Load for tac, tacr, ton, and tour 
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Figure 4. Output Load for t,z and tyz 


83-003649A 
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Timing Waveforms 


Basic Timing for Noninterlace Conversion 


455 Write Cycles 


455 Write Cycles 
455 or 910 Write Cycles 910 Read Cycles 910 Read Cycles 


a: Tin sees wae 


Note: 
[1] WE=Vit. 
[2] V = Valid Data. 


[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 


83-003655B 
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Timing Waveforms (cont) 


Application Timing for Noninterlace Conversion 


910 Write Cycles 


2 
0 909 0 
: 
an 
t tDH 
a 


NCC: A CCC RCA MRSS CC MR Cc 


4 


TTT HPI IN 


We SL Lge Sth. 
910 Read Cycles 


910 Write Cycles 910 Write Cycles 


WE = Vi. 
[2] V = Valid Data. 

[3] For compatibility with NTSC standards the WCK frequency is approximately 14.3 MHz. RCK 
cycles at twice this frequency, 28.6 MHz. 

1H = the first “actual line” of 910 words. 1H’ = the first [normally] interpolated line of 910 words. 
See Figure 1. 

See Figure 1. Din above represents the scan line input to one of the two uPD41101s. Dout and 
RE above represent the combined output and the complementary RE inputs for both devices. 
The signals for one .PD41101 are drawn as solid lines; the signals for the second uPD41101, 
as dashed lines. 

Reset pulses can be applied to RSTW and RSTR at regular intervals to remove any effects due 
to jitter in the system clock. 


[4 


— 


[5 


~ 


[6 


— 
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910-Bit Delay Line 


1H 2H 


0 1 2 908 909 910 911 912 913 
Ss 
Vy 


MV ME SD A SD A RD OC 0 ES A 


910 Cycles 


tac toH 


W) 


A 


[1] V = Valid Data. 
[2] 1H = the first group of 910 bits. 2H = the second group of 910 bits. 
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Timing Waveforms (cont) 


n-Bit Delay Line 


ow Mh AYAR Yi) AAXE ¥en RIN AUR SRO RRS vn RRR vio" 


| 'Ds 


tacrR 


von TEIN eres estes 


ae H Data 
nee rr nee a rene een 


[1] V = Valid Data. 
[2] 1H = the first group of n bits. 2H = the second group of n bits. 


83-003643B 


Re-Read Operation 


PEN ws ne oa: oun Se 


Note: 
(1] RE = Vi. 
[2] V = Valid Data. 


[3] The data stored in any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 
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Timing Waveforms (cont) 


Read or Write Reset 


Reset Cycles 


i) 
tRsTw, tRSTR oe 


1 


oe 


wth Aad OK ve 


wen A ve" NY 
— aa 


| a i 


Note: 
[1] WE =RE=WVi. 
[2] V = Valid Data. 
[3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 

first cycle in a group of reset cycles, the read access time is defined as tacr. In all other cycles, 

tac defines the read access time. 
[4] H = 910 cycles. 
[5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle. 
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Write Disable 


Disable Cycles 


tWEH_ | tWEN2 
<_< > 


DIN 


Note: 
[1] V = Valid Data. 
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Timing Waveforms (cont) 
Read Disable 


tREW 


Disable Cycles 


tREN1 tRES 


waratenge 
pour» XX ve XA ves AMA wees AY 


Note: 
[1] V = Valid Data. 


(910-m)-Bit Delay Line, No. 1 


My 


NEC 


n+3 
EK 


83-003646B 


sm ETE) SSI) SSI A) I A) SSI A) RSE Ah REE) 


Note: 
[1] RE = Vi. 
[2] V = Valid Data. 
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Timing Waveform (cont) 


(910-m)-Bit Delay Line, No. 2 


WW 
XK 


om won Yves YAK see vere wer MAK sees XN vn A» 


Note: 
[1] RE = Vi. 
[2] V = Valid Data. 
83-003659B 
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vuPD41102 
1135 x 8-BIT 
FIFO MEMORY 


Description 


This device is a 1135-word by 8-bit first-in first-out 
biport memory fabricated with the N-channel silicon 
gate process. The device helps to create a PAL flicker- 
free television picture (noninterlace conversion) by 
providing intermediate storage and very high speed 
read and write operations. 


The uPD41102 can also be used as a digital delay line. 
The delay length is variable from 12 to 1135 bits. 


Features 


LJ 1135-word x 8-bit organization 

CL) FIFO (first-in first-out) biport memory 

QO Suitable for PAL, 4fsc digital television systems 

CL) Asynchronous and simultaneous read/write 
operations 

L) Can be used as a 1H (1135-bit) delay line 

CL) TTL compatible 

L) Three-state outputs 

L) Single 5 V + 10% power supply 

CL) 24-pin, 300 mil DIP package 


Performance Ranges 


Read Read Write 

Cycle Access Cycle 
Device Time (Min) Time (Max) Time (Min) 
yPD41102-3 28 ns 21 ns 28 ns 
pPD41102-2 28 ns 21ns 56 ns 
puPD41102-1 56 ns 40 ns 56 ns 


Pin identification 


No. Symbol Function 

1-4, 9-12 Douto-Dout7 Read data outputs 

5 RE Read enable input 

6 RSTR Read address reset input 
7 GND Ground 

8 RCK Read clock input 

13-16, 21-24 Dino-Dinz Write data inputs 

17 WCK Write clock input 

18 Voc 5 V power supply 

19 RSTW Write address reset input 
20 WE Write enable input 


Pin Configuration 


s 
S 
= 
v 
& 
| 


Douts CL] 10 
Doute [] 11 
Dout7 (J 12 
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Pin Functions 
Dino-Djn7 [Data Inputs] 


In a digital television application, the digital composite 
signal, luminance, chrominance, etc., information is 
written into these inputs. 


Douto-DoutT7 [Data Outputs] 


These tri-state outputs are used to access the stored 
information. In asimple digital delay line application, a 
minimum delay of 12 clock cycles is required to move 
data from the data inputs to the data outputs. 


RSTW [Write Address Reset Input] 


Bringing this signal to a low level resets the internal 
write address to 0. The state of this input is strobed by 
the rising edge of WCK. 


RSTR [Read Address Reset Input] 


Strobed by the rising edge of RCK, this signal resets 
the internal read address to 0. 


WE [Write Enable Input] 


This input controls write operations. If WE is at a low 
level, all write operations proceed. If WE is at a high 
level, no data is written to storage cells and the write 
address stops increasing. The state of WE is strobed by 
the rising edge of WCK. 


RE [Read Enable Input] 


This signal is similar to WE but controls read operations. 
If RE is at a high level, the data outputs become high 
impedance and the internal read address stops in- 
creasing. The state of RE is strobed by the rising edge 
of RCK. 
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WCK [Write Clock Input] 


All write operations are performed synchronously with 
WCK. The states of both RSTW and WE are strobed by 
the rising edge of WCK at the beginning of acycle, and 
the data inputs are strobed by the rising edge of WCK 
at the end of a cycle. The internal write address 
increases with each WCK cycle unless WE is ata high level 
to hold the write address constant. Unless inhibited by 
WE, the internal write address will automatically wrap 
around from 1134 to 0 and begin increasing again. 


RCK [Read Clock Input] 


All read operations are performed synchronously with 
RCK. The states of both RSTR and RE are strobed by 
the rising edge of RCK at the beginning of acycle. This 
same edge of RCK starts the internal read operation, 
and access time is referenced to this edge. The internal 
read address increases with each RCK cycle unless RE 
is at a high level to hold the read address constant. 
Unless inhibited by RE, the internal read address will 
automatically wrap around from 1134 to 0 and begin 
increasing again. 


Block Diagram 


Data Write 
Column 
Selectors 


Dino— DIN7 Input 
Buffers 


Control 


Dual-Ported 
Memory 
Cell Array 


Absolute Maximum Ratings 


Supply voltage, Vcc =15 to +7.0¥ 
Voltage on any input pin, V; —1.5 to +7.0 V 
Voltage on any output pin, Vo —1S to +70 
Short circuit output current, los 20 mA 
Operating temperature, Topp —20 to +70°C 
Storage temperature, TsTg —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Read 
Control 


Column 
Selectors 


Output 
Buffers 


Douto— Dout7 
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Figure 1. Connection for Noninterlace Conversion 


RCK 
[8tsc = 35.5 MHz] 


Actual Line 
Data Inputs 
S 


Noninterlaced Line 
Data Outputs 
& 


Interpolated Line 
Data Inputs 


\ 
\ 
\ 
\ 
% 
\ 
_———>S 
aa 


Transmitted Displayed 
Television — Television 
Picture Picture 


\ 
Interpolated Line 


WwCK 
[4tsc = 17.7 MHz] 


Recommended DC Operating Conditions DC Characteristics 


Ta = —20 to +70°C Ta = —20 to +70°C; Veco = 5.0 V 10% 
Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit Conditions 
Supply Vee 32345 #50 55 V Write/Read loc 90 mA 
voltage cycle operating 
Ground GND 0)0CU0tCtNtCSY a ns 
imc hushkase «© ° i. «<x °°  ° «=x i °°  % Input leakage I —10 10 wA V;=0to Vcc; all 
a voltage Mi eA 75 ON current other pins not 
g under test = 0 V 
rh iii ™ “ee an Output leakage lo —10 10 yA Doyt is disabled; 
current Vo =0to5.5V 
7 Output voltage VoH 2.4 V lon =—1mA 
Capacitance high 
Ta = —20 to +70°C; Vec = 5.0 V 10%; f = 1 MH 
: Hs = ; : Output voltage VoL 04 V Ip. =2mA 
Parameter Symbol Min Typ Max Unit Conditions Note: 
Input C 5 oF WE, RE, WCK, (1) All voltages are referenced to ground. 
Capacitance RCK, RSTW, 
RSTR, Djno-Dinz 
Output Co 7 ~~ pF Douto-Dout7 


Capacitance 


Note: 
(1) These parameters are sampled and not 100% tested. 
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AC Characteristics 
Ta = —20 to +70°C; Voc = 5.0 V + 10% 


Limits 

uPD41102-3 uPD41102-2 uPD41102-1 Test 
Symbol Parameter Min Max Min Max Min Max Unit Conditions 
twcK Write clock cycle time 28 880 56 880 56 880 ns 
twow WCK pulse width 12 20 20 ns 
twcp WCK precharge time 12 20 20 ns 
track Read clock cycle time 28 880 28 880 56 880 ns 
trcw RCK pulse width 12 12 20 ns 
trcp RCK precharge time 12 12 20 ns 
tac Access time 21 21 40 ns 
tacR Access time after a reset cycle 40 40 40 ns 
tou Output hold time 5 9 5 ns 
tOHR Output hold time after a reset cycle 5 2 5 ns (Note 7) 
tz Output active time 5 21 5 21 5 40 ns (Note 4) 
tyz Output disable time 5 21 S 21 a) 40 ns (Note 4) 
tos Data-in set-up time 12 15 15 ns 
tpH Data-in hold time 5 9 5 ns 
trs Reset active set-up time 12 12 20 ns (Note 8) 
tRH Reset active hold time 5 5 a ns (Note 8) 
tRN1 Reset inactive hold time 5 5 5 ns (Note 9) 
trn2 Reset inactive set-up time 12 12 20 ns (Note 9) 
twes Write enable set-up time 12 20 20 ns (Note 10) 
tWEH Write enable hold time 2 5 5 ns (Note 10) 
tWeN1 Write enable high delay from WCK 5 5 5 ns (Note 11) 
twen2 Write enable low delay to WCK 12 20 20 ns (Note 11) 
tres Read enable set-up time 12 12 20 ns (Note 10) 
tREH Read enable hold time 5 5 5 ns (Note 10) 
tREN1 Read enable high delay from RCK 5 5 5 ns (Note 11) 
tREN2 Read enable low delay to RCK 12 12 20 ns (Note 11) 
twew Write disable pulse width 0 (Note6) 0 £(Note6) 0  (Note6) ms 
tREW Read disable pulse width 0 (Note6) 0 (Note6) 0 (Note6) ms 
trsTw Write reset time 0 (Note6) 0 (Note6) 0 (Note6) ms 
trsTR Read reset time 0 (Note6) 0 (Note6) 0 (Note6) ms 
tT Transition time 3 35 3 35 3 35 ns 
Note 
(1) All voltages are referenced to ground. 
(2) Input pulse rise and fall times assume ty = 5 ns. 
(3) Input pulse levels = GND to 3 V. Transition times are measured between 3 V and OV. 
(4) This delay is measured at t+ 200 mv from the steady state voltage with the load specified in figure 4. Under any conditions, tz = tyz. 
(5) Input timing reference levels = 1.5 V. 


NEC uPD41102 


AC Characteristic (cont) 
Note [cont]: 


(6) twew (max) and taew (max) must be satisfied by the next equations in 1 line cycle operation: 


twew + tastw + 1135twcok S 1 ms 
trew + trstrR + 1135tacK S1ms 


(7) This parameter has meaning when trcx = tacr (max). 
(8) If either tas or try is less than the specified value, reset operations are not guaranteed. 


(9) Ifeither tan, Ortraya is less than the specified value, internal reset operations may extend to cycles immediately preceding or following the 
period of desired reset operations. 


(10) If either twes or tweH (tres Or treH) is less than the specified value, write (read) disable operations are not guaranteed. 


(11) If either tween OF twenoa (tren OF tren) is less than the specified value, internal write (read) disable operations may extend to 
cycles immediately preceding or following the period of desired disable operations. 


Figure 2. Connection for a 1H (1135-Bit) Delay Line AC Input Timing Reference Waveform 
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Data AC Output Timing Reference Waveform 
Inputs 8 Outputs 
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Figure 3. Output Load for tac, tacr, ton, and tour 


1.0kQ 30 pF 


Figure 4. Output Load for t,z and tyz 
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Timing Waveforms (cont) 


Basic Timing for Noninterlace Conversion 


567.5 or 1135 Write Cycles 
—_———_— HH 


1135 Read Cycles 


Note: 
[1] WE = Vit. 
[2] V = Valid Data. 


[3] For compatibility with PAL standards the WCK frequency is approximately 17.7 MHz. RCK 
cycles at twice this frequency, 35.5 MHz. 


567.5 Write Cycles 
- 1135 Read Cycles 
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Timing Waveforms (cont) 


Application Timing for Noninterlace Conversion 


1135 Write Cycles 


a p— 
WCK 
0 1134 0' 
tRS 
— ersten een ne meee ner renee) 
RSTR 


tDH 


tos 
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+—_——— 1135 Read Cycles ——_—_—__» 


1135 Write Cycles 


1135 Write Cycles 


WE = Vi. 
[2] V = Valid Data. 

[3] For compatibility with PAL standards the WCK frequency is approximately 17.7 MHz. RCK 
cycles at twice this frequency, 35.5 MHz. 

1H = the first “actual line” of 1135 words. 1H’ = the first [normally] interpolated line of 1135 words. 
See Figure 1. 

See Figure 1. Din above represents the scan line input to one of the two .PD41102s. Dout and 
RE above represent the combined output and the complementary RE inputs for both devices. 
The signals for one .PD41102 are drawn as solid lines; the signals for the second uPD41102, 
as dashed lines. 

Reset pulses can be applied to RSTW and RSTR at regular intervals to remove any effects due 
to jitter in the system clock. 
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1135-Bit Delay Line 


1134, 1135 1136 1137 


{1] V = Valid Data. 
[2] 1H = the first group of 1135 bits. 2H = the second group of 1135 bits. 
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Timing Waveforms (cont) 


n-Bit Delay Line 
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tos 
| tac Le | 
tACR Da ec Me | 
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1H Data a 2H 
WE, 
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Note: 


{1] V = Valid Data. 
[2] 1H = the first group of n bits. 2H = the second group of n bits. 
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Re-Read Operation 


Some CR (CEE i) EE A) EE 


— 


(1] RE = Vi. 
[2] V = Valid Data. 


[3] The data stored in any location can be re-read as many times as desired within a period of 1 ms 
following the writing of data into that location provided that a second write operation has not 
re-written new data into that location. 
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Timing Waveforms (cont) 
Read or Write Reset 


Reset Cycles 


0 1 2 
tRsTW, tRSTR 
VV | 
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RCK 
WCK 


RSTW 


RSTR 


wc oc 


DouT 


Note: 

[1] WE=RE=Vit 

(2] V = Valid Data. 

[3] Read operations commence from the rising edge of RCK at the beginning of a cycle. For the 
first cycle in a group of reset cycles, the read access time is defined as tacr. In all other cycles, 
tac defines the read access time. 


(4] H = 1135 cycles. 
[5] Write data is strobed into the device on the rising edge of WCK at the end of a cycle. 


Write Disable 


Disable Cycles 


OX OD 


Note: 
[1] V = Valid Data. 
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Timing Waveforms (cont) 


Read Disable 


Disable Cycles 


vw XX YN) ms 


Note: 
[1] V = Valid Data. 
83-003646B 


NYY) V[m- 2] LK\y) V[m - 3] 


AvANA LV\\\ 
pon J wrvna YANN vere XR 2 XA veses, YAN eae XXX wees YN verses YAK 
Note: 
(1) RE = Vic. 


[2] V = Valid Data. 
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Timing Waveforms (cont) 


uPD41102 


(1135-m)-Bit Delay Line, No. 2 


Note: 
[1] RE = Vi. 
[2] V = Valid Data. 


83-003648B 


3-23 


uPD41102 


3-24 


NEC 


NEC Electronics Inc. 


Description 


The NEC pPD41221 is a 224,000-bit serial-access mem- 
ory that uses the same technology as standard N- 
channel MOS dynamic RAMs. The dynamic circuit 
technology based on the one transistor memory cell is 
combined with the double polysilicon NMOS process 
technology. 


The pPD41221 is well-suited for use as a field memory for 
television systems. The memory array, organized as 320 
rows by 700 columns, is asize that can satisfy almost all 
requirements for NTSC and PAL. Memory operation is 
based on one horizontal scanning period (1H). A serial 
read or write operation is executed on a row within 1H. 


The operation sequence within 1H is as follows: 
(1) The row location is specified by RCR (reset to row 0), 
INC (+1 increment), or DEC (— 1 decrement). 


(2) A data transfer cycle (from the row to the data regis- 
ter) is selected by RAS active with WE high. 


(3) SC causes a serial write or read operation between 
the data input/output and the data register from column 
0 to any column location up to 700. 


(4) REF (refresh control) executes internal automatic re- 
fresh asynchronously with serial operation. 


(5) Adata restore cycle (from the data register to the row 
selected) is selected by RAS active with WE low. 


Address pins are eliminated because serial address 
functions are built into the chip. SYN, an open-drain out- 
put, is in the low-impedance state from the 608th SC cy- 
cle to the beginning of the data restore cycle, allowing 
system designers to generate a horizontal sync signal. 


The pPD41221 data register stores memory data on one 
word line. A fast serial read or write is executed between 
the data input/output and the data register. During the 
serial operation, data refresh cycles for the memory ar- 
ray can be performed asynchronously. 


uPD41221 
224,000-BIT 
SERIAL-ACCESS NMOS RAM 


Revision 1 


Features 


224,000 x 1serial-access memory 

Screen size memory array suitable for NTSC and 
PAL 

+5V+10% single power supply 

On-chip substrate bias generator 

Two key functional blocks: 

320-row by 700-column memory array 

700-bit data register 

Full serial operation with line pointer control 
Variable serial cycle numbers up to column bit size 
Input data appears on data output in serial write 
cycle 

Dual (refresh/serial) operation 

Refresh cycle: 320 cycles/2ms 

Power dissipation: 

-Active: 385 mW (max) 

-Standby: 82.5 mW (max) 

All inputs TTL-compatible 

Three-state HCMOS-compatible output 

Output data caused by negative SC transition is 
maintained up to next SC or RAS negative transi- 
tion 


OOO OU 


Heo Bao 


OOO 


Performance Ranges 


sc Access 
Cycle Time_ SerialRead Serial Write 
Device Time fromSC  CycleCurrent Cycle Current 
uPD41221-70 70ns 55 ns 55 mA 55 mA 
uPD41221-90 90 ns 75ns 45mA 45mA 


Pin Configuration 


e 
N 
N 
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ct 
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Pin Identification 


No. Symbol Function 
1 INC Row counter increment 

2 DEC Row counter decrement 
3 RCR Row counter reset 

4 Dout Data out 

9, 13 NC No connection 

6 SC Serial control 

7 GND Ground 

8 RAS Row address strobe 

g WE Write enable 

10 Din Data in 

11 SYN Sync acknowledge 

12 REF Refresh control 

14 Vec +5 V +10% power supply 


Block Diagram 


Refresh 
Address 
Counter 


320 Memory Cell Array 
Row 


Address 
Counter 


Counter Multiplexer 


o 
= 
3 
i+) 
= 
5 
a 
£ 
é 
3 
2 
E 3 
(o} 
x 


Data Transfer Gate »—+ 


Serial Selector 
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Absolute Maximum Ratings 


Supply voltage on Veg relative to GND, Vcc -—1.0 to +7.0V 
Supply voltage on inputs relative to GND, V, -1.0to +7.0V 
Supply voltage on outputs relative to GND, Vo -—1.0 to +7.0V 
Operating temperature, Topr —10 to +70°C 


—55 to +125°C 
Short circuit output current, los 50 mA 


Storage temperature, Tstg 


Power dissipation, Pp 1.0W 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Capacitance 
Ta = 25°C, Voc = 5V, f=1MHz 
Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Input C 10 pF GND=0V 
capacitance _ 
(RAS, REF. SC, 
WE, Din, RCR 
INC, DEC) 
Output Co 10 pF GND=0V 
Capacitance 
(Dout. SYN) 
DC Characteristics 
Ta = — 10 to +55°C; Voc = 5.0V + 10%; GND=0V 
Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Supply voltage Vcc 45 5.0 5.5 V 
Input voltage, = Vj -1.0 0.8 V 
low 
Input voltage, Vy 2.4 Di V 
high 
Output voltage, Vo, 0 0.2Vec V Io. =20pA 
low 
Output voltage, Voy  0.7Vcc Vec Vs loy=—20pA 
high 
Input leakage =| -10 10 HA Vin=O0Vto5.5V; 
Current all other pins=0 V 
Output leakage Io -10 10 HA Dou disabled, 
Current VoyT=0V to 5.5 V 
Standby current Iccy 15 mA  Io=0mA (Doyt, 
SYN); FAS, 8 
REF, INC, DEC, 
and RCR=Vjy 


NV. KE Cc yPD41221 


Power Supply Current Characteristics 
Ta = —10 to +55°C, Vog = 5.0V+10%, GND=0V 


Limits 

yPD41221-70 uPD41221-90 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Data transfer cycle current loc2 45 45 mA trc=trc min 
Data restore cycle current Icc3 40 40 mA trc=tpc min 
REF refresh cycle current loca 40 40 mA tec =tF¢e min 
Serial read cycle current Iecs5 99 45 mA tsc=tsco min 
Serial write cycle current Icc6 99 45 mA tsc=tsc min 
Row counter reset cycle current loc7 20 20 mA Minimum timing 
Row counter increment cycle current Iccg 20 20 mA Minimum timing 
Row counter decrement cycle current Iecg 20 20 mA Minimum timing 


Note: 
(1) An initial pause of 2ms is required after power-up, followed by any eight cycles of RAS or REF before achieving proper device operation. 


AC Characteristics 
Ta = —10 to +55°C, Voc = 5.0V+10%, GND=0V 


Limits 
—yppata2i-70—~=~C*~«C 22-00 7 

Parameter Symbol Min Max Min Max Unit Conditions 
RAS cycle time tac 710 710 ns 

RAS pulse width tras 500 2000 500 2000 ns 

RAS precharge time trp 200 200 ns 

RAS to REF delay time trep 200 200 ns 

RAS to SC delay time tasp 300 300 ns 

Read setup time before RAS low tars 0 0 ns 

Read hold time after RAS high tRRH 20 20 ns 

REF precharge time before RAS low teRp 200 200 ns 

SC precharge time before RAS low tap 200 200 ns 

WE setup time before RAS low twrs 0 0 ns 

WE hold time after RAS low twRH 50 50 ns 

Output disable time from RAS low tasz 0 400 0 400 ns (Note 1) 
REF cycle time tec 710 710 ns 

REF pulse width tREF 500 500 ns 

REF precharge time trp 200 200 ns 

SC cycle time tsc 70 90 ns 

SC pulse width tsa 25 2000 35 2000 ns 

SC precharge time tsp 25 2000 35 2000 ns 

WE setup time before SC low twss 0 0 ns 

WE hold time after SC low twsH 25 35 ns 

Read setup time before SC low trss 0 0 ns 

Read hold time after SC high tasH 20 30 ns 

Data input setup time before SC low toss 0 0 ns 

Data input hold time after SC low tosH 20 35 ns 

Access time from SC tsac 55 75 ns 
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AC Characteristics (cont) 
Ta = —10 to +55°C, Vog =5.0V + 10%, GND =0V 


Limits 
uPD41221-70 uPD41221-90 Test 

Parameter Symbol Min Max Min Max Unit Conditions 
Output disable time from SC low tscz 5 40 5 60 ns (Note 1) 
RAS to RCR delay time trap 200 200 ns 

RAS to INC delay time trip 200 200 ns 

RAS to DEC delay time tapp 200 200 ns 

RCR pulse width trcr 100 2000 100 2000 ns 

INC pulse width tiNC 100 2000 100 2000 ns 

DEC pulse width toEc 100 2000 100 2000 ns 

Time between RCR and INC trip 100 100 ns 

Time between INC and DEC tipp 100 100 ns 

Time between RCR and DEC tapp 100 100 ns 

RCR precharge time before RAS low tarp 100 100 ns 

INC precharge time before RAS low tia 100 100 ns 

DEC precharge time before RAS low tore 100 100 ns 

SYN response time after 608th SC tsya 200 200 ns 

SYN recovery time after RAS low tsyp 0 1400 0 1400 ns 

Refresh interval tReF 2 2 ms 

RAS precharge (serial operation) taps 2 2 ms 

Serial data output valid tsov 2 2 ms 

Transition time tr 3 35 3 35 ns 


Note: 
(1) tsoz and tragz define the times at which the output achieves the open-circuit condition and are not referenced to output voltage levels. The duration 
of the output voltage level depends on the time constant of the load. See input and output timing waveforms and figures 1 and 2. 


(2) Timing measurements assume ty = 5ns. 


(3) Vjy (min) and Vj, (max) are the reference levels for measuring the timing of input signals and tr. 


Figure 1. Loading Conditions Test Circuit for SYN Figure 2. Loading Conditions Test Circuit for Doyt 
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Timing Waveforms 


Input Timing Output Timing 


tf =5ns 83-003262A 
83-003261A 


Data Transfer Cycle Data Restore Cycle 
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REF Refresh Cycle Serial Read Data Output Control 


Note: 


[1] SC count starts from location 0. 


[2] Vi [min] and Vi_ [max] are reference 
levels for measuring timing of input 
signals. Also, transition times are mea- 
sured between Vj} and Vij_. 
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Timing Waveforms (cont) 


Serial Read and Write Cycles 


LLLLL) 


tRSH 


{DSH a 
Din A [Valid Data-in KXXXXXXXXKAXAKAX AAA AA 


toss tscz—> 


{ Valid Read Data 


A Faia Write bata} 


tsac tsac 


Note: 


{1] Vin [min] and Vi_ [max] are reference 
levels for measuring timing of input 
signals. Also, transition times are mea- 
sured between Vj} and Vj_. 
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Row Counter Cycle 


{1] Vin [min] and Vi_ [max] are reference 
levels for measuring timing of input 
signals. Also, transition times are mea- 
sured between Vip and Vi_. 
83-003267A 


Sync Acknowledge 


Note: 


[1] SC count starts from location 0. 


{2] Vins [min] and Vi_ [max] are reference 
levels for measuring timing of input 
signals. Also, transition times are mea- 
sured between Vip and Vi_. 


83-003268A 


NV KE Cc yPD41221 


Timing Waveforms (cont) 


Total Timing Scheme 


REF Refresh 


Serial Read 


Row Counter Reset 


Row Counter Increment 


Row Counter Decrement 


Note: 
[1] In this table a “O” indicates that the operation is available using the 


timing shown above. 
83-003270B 
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NEC 2,144.61 
262,144-BIT 

DUAL PORT 

NEC Electronics Inc. DYNAMIC NMOS RAM 
Revision 2 


Description 

The NEC pPD41264 is a 262-144-bit Dual Port Memory 
equipped with a 64K x 4 dynamic RAM port anda 

256 x 4 serial read port. The RAM port looks exactly 
like the NEC standard 64K x 4 dynamic RAM, 
uPD41464. The serial read port is connected to an inter- 


Features (cont) 


| Possible data transfer also in parallel with serial read 
— Real time data transfer 

L] Single +5V + 10% power supply 

L] On-chip substrate bias generated 

L] RAM port based on 64K x 4 specifications 


nal 1024-bit data register through a 256 x 4 serial read 
output control and makes the memory look as if it were 
organized as 256 words of 1024 bits, each of which is 
read out serially 4 bits at a time. 


The ».PD41264 features full asynchronous dual access 
Capability except when transferring memory cell data 
from a selected word line of the RAM array to the data 
register. To perform the data transfer, a special timing 
cycle using a transfer clock is necessary for the RAM 
port. On the other hand, the serial read port can oper- 
ate without any change even during the data transfer 
period. Following the data transfer clock transition, the 
serial read output changes from an old line to a new 
line. The serial read start location on the new line is 
addressable in the data transfer cycle. 

The RAM has a write-per-bit capability in addition to 
the conventional operation modes. Out of 4 data bits, 
individually selected bits can be written. 

The pPD41264 utilizes a double poly layer, N-channel, 
silicon gate process which provides high storage cell 
density, high performance, and high reliability. 
Refresh is accomplished by performing RAS-only re- 
fresh cycles or normal read or write cycles on the 256 
address combination of Ao through A7 during a4ms 
period. An automatic internal refresh is also available, 
using hidden refresh or CAS before RAS timing and on- 
chip internal refresh circuitry. Note that the transfer of 
a row of data from the memory array to the data regis- 
ter also refreshes that row. 


All inputs and outputs, including clocks, are TTL-compatible. 
All address lines and data-in are latched on-chip to simplify 


system design. Data-out is unlatched to allow greater sys- 
tem flexibility. 

The »PD41264 is packaged in a 24-pin, dual-in-line, plas- 
tic package and is guaranteed for operation from 0°C to 

+ 70°C. Packages are designed for insertion in mounting- 
hole rows on 400-mil (10.16mm) centers. 


Features 
[] Combination of three key functional blocks 

1. 64Kx 4 dynamic RAM 

2. 1024-bit data register 

3. 256 x 4 serial read output control 
_] Two data ports: one random access port 

one serial read port 

(] Data transfer from RAM to data register 
_] Fast serial read output from data register: up to 40ns 
_] Dual port accessibility except data transfer 
| Address start of serial read follows data transfer 


LW OO 


— 2mainclocks: RAS, CAS, multiplexed address 
inputs 
— Common data input and output using 3-state output 
— OE allows direct connection of IO and address lines 
to simplify system design 
— Refresh: 256 cycles/4ms 
— Read, early write, late write, read-write/read- 
modify write, RAS-only refresh, and page 
mode capability 
— CAS before RAS: automatic internal refresh using 
on-chip refresh address counter 
— CAS-controlled output allows hidden refresh 
— Write-per-bit capability regarding 4 IO bits 
-Write bit select multiplexed on IOo-lO3 
Activation with RAS causes data transfer 
— Same RAS cycle time as RAM operation 
— Row address inputs specify a word line transferred to 
data register 
— Column address inputs specify start location of follow- 
ing serial read 
— DT low-to-high transition transfers 1024 bits of data 
on the word line to the data register, and the start 
location to serial read control 
— Serial port can either operate during real time data 
transfer or be in a standby state 
SC performs fast serial read operation of 256 x 4 
organization 
— SOE presents serial data on SO, — SO, 
— SOE allows direct connection of multiple serial outputs 
for extension of data length 
Speed and power performance 


»PD41264-12 »PD41264-15 


RAM Port 
trac 120ns max 150ns max 
Access Time tcac 60ns max 75ns max 
toEa 30ns max 40ns max 
Cycle Time tre 220ns min 270ns min 
Serial Port 
Access Time 40ns max 60ns max 
Cycle Time 40ns min 60ns min 
Dissipation Power 
Both Ports Operating 853mW max 715mW max 
Both Ports Standby 66mW max 66mW max 
All inputs, outputs, and clocks fully TTL-compatible 
3-state outputs for both random and serial access 
Double poly layer, N-channel, silicon gate technol- 
ogy | | — 
24-pin plastic DIP with 400 mil width 
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Pin Configuration 


Pin 
4 No. Symbol vo Description 
2 1 sc Input Serial Control 
3 = <A $O,-SO, Output Serial Read Outputs 
4 ; —— 
‘ 4 DT/OE Input Data Transfer/Output Enable 
6 5, 6, Wo-W3 Input Write Select in Write-per-Bit 
¥ 19, 20 105-103 Input/Output Data Inputs and Outputs 
‘ WB/WE Input Write-per-Bit/Write Enable 
5 8 RAS Input Row Address Strobe 
9-11, 
13-17 Ao-Ayz Input Address Inputs 
12 Voc +5V Power Supply 
18 CA Input Column Address Strobe 
21 SOE Input Serial Output Enable 
24 GND Ground 
Block Diagram 
| Wo/lO, 
Vee —> aa w,/l0, 
oe Peta t+ = 3 
SE ~ 
Decoder _ 
Se WB / WE 
Sense Amp. I (1024) ! ' 
I .G. T. 
AS 
| 
\ 
Memory Array DT / 


256 x 1024 


Ay 
A, 
A, - 
= 
A; Fs 
rd 
A, ae 
el 
Ae 
A, Oo #1 2 3 4 5 6 7 Me arr 
1 


Row Decoder (256) 


| 


q-—-- — - --— — - - - - + 


| een (Ce 


Se ee 


-+----- --------+- 


a wo | Data Transfer Gate | ! (1024) 
Address 
Data Register ‘ (1024) 


Counter 


Note: T.G. = Timing Generator 
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Serial Decoder 


SO, 
so, 
SO, 


SO, 


NEC 


Device Operation 
Overall description 


As already shown the pPD41264 consists of the RAM 
port and the serial read port. The RAM port performs 
both standard dynamic RAM operation modes and the 
data transfer operation. All these operations are based 
on the conventional RAS/CAS timing cycle. In the data 
transfer cycle the data in each memory cell on the se- 
lected word line is transferred to the corresponding 
data register through a data transfer gate at the same 
time. The serial read port shows the data of the data 
register in serial order. The RAM port and the serial 
read port can operate asynchronously, except during 
the data transfer period because the data transfer gate 
is turned on. 


Addressing 

The 262,144-bit memory array is arranged in a 256-row 

by 1024-column matrix. Each of 4 data bits in the RAM 

port corresponds to 65,536 memory cells. Therefore, 16 
address bits are required to decode 1 memory cell location. 
Eight row address bits are set up on pins A, through A, and 
latched onto the chip by RAS. Then the 8 column address 
bits are set up on pins A, through A, and latched onto the 
chip by CAS. All addresses must be stable on or before the 
falling edges of RAS and CAS. RAS is similar to a chip 
enable. When RAS is activated, 1024 cells on the selected 
word line are sensed simultaneously. The sense amplifier 
automatically restores the data. CAS is used as a chip 
select activating the column decoder and the input and 
output buffers. Through 1 of 256 column decoders, 4 
memory cells on the word line are connected to 4 data 
buses, respectively. 

In the data transfer cycle 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 

of data to the data registers. Eight column address bits 

are assigned to select the 1 out of 256 serial decoders 

that corresponds to the start location of the following 

serial read cycle. 

In the serial read port, when SC is activated, 4 data bits 
in the 1024 data registers are transferred to 4 serial 

data buses, respectively, and read out. By activating 

SC repeatedly, the serial read operation starting from 
the location specified in the data transfer cycle is per- 
formed within the 1024 bits in the data register. 


RAM port operation 
An operation in the RAM port begins with a negative transi- 
tion of RAS. RAS and CAS have minimum pulse widths as 
specified in the timing table. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle once begun must be within specifications. 
The following functions are multiplexed pins in the RAM 
port to reduce the number of pins. 

1. DT/OE_ 

2. WB/WE 

3. W,/IO,; (i = 0, 1, 2, 3) 
OE, WE and IO, are all based on the same functional con- 
cepts as in conventional RAMs. DT, WB and W, are all 
inputs to be applied with set-up and hold times referenced 
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RAM port operation (cont) 

to the RAS negative transition in the same way as row ad- 
dress inputs. The DT level determines whether a cycle is 

a RAM operation or a data transfer operation. WB affects 
only write cycles and determines whether or not the write- 
per-bit capability is used. W, specifies data bits to be writ- 
ten in the write cycles with the write-per-bit capability. In the 
following explanation these multiplexed pins are described 
as, for example, DT(/OE), depending on the function then 
being used. 


To use the uPD41264 in the random access mode, DT 
(/OE) must be high as RAS falls. Holding DT (/OE) high 
disconnects the 1024-bit data register from the corres- 
ponding 1024 digit lines of the memory array. On the __ 
other hand, to perform the data transfer cycle, DT (/OE) 
must be low as RAS falls. The 1024 data transfer gates 
are opened and a data transfer will occur from one of 
the memory rows to the data register. 


Read Cycle. A read cycle is performed by activating a 
RAS, CAS, and OE and maintaining (WB/) WE high 
during the CAS active time. The data pin (Wi/) 10; (i= 0, 
1, 2, 3) remains in a high-impedance state until valid 
data appears at the output at access time. Device ac- 
cess time, tacc, is the longest of the following three 
calculated intervals: 


1. tacc = a taac 

2. tacc = RAS to CAS delay (tacp) + teac 

3. tacc = RAS to OE delay + tog, 
Access time from RAS, taac, access time from CAS, teac, 
and access time from OE, toga, are device parameters. 
RAS to CAS delay and RAS to OE delay are system- 
dependent timing parameters. 
The output becomes valid after the access time has 
elapsed and remains valid while both CAS and OE are low. 
CAS or OE going high returns it to a high-impedance state. 


Write Cycle. A write cycle is performed by bringing 
(WB/)WE lov low during the RAS/CAS operation. The falling 
edge of CAS or (WB/)WE strobes data on (W,/)IO, into the 
on-chip data latch. To make use of the write-per-bit capabi- 
lity WB(/WE) must be low as RAS falls. In this case data 
bits to which the write operation is applied can be speci- 
fied by keeping W,(/IO;) high with set-up and hold times 
referenced to the RAS negative transition. 

For those data bits of W,(/IO,) that are kept low as RAS falls, 
the write operation is inhibited on the chip. If WB(/WE) is 
high as RAS falls, the write-per-bit capability does not work 
and the write operation is performed for all four data bits. 


Early Write Cycle. An early write cycle is performed 
by bringing (WB/)WE low before CAS. The data is 
strobed in by CAS with set-up and hold times 
referenced to this signal. The output remains in the 
high-impedance state for the entire cycle. (DT/)OE 
must meet DT high set-up and hold times as RAS 
falls but otherwise does not affect any circuit 
operation during the CAS active period. 
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Read-Write/Read-Modify-Write [RW/RMW] Cycle. An 
RW/RMW cycle is performed by bringing (WB/)WE low 
with RAS and CAS low. (W,/)IO; shows read data at access 
time. After that, with preparation for the coming write opera- 
tion, (W,/)|O; is returned to the high- impedance state by 
(DT/)OE going high. The data to be written is strobed in by 
(WB/)WE with set-up and hold times referenced to this 
signal. 


Late Write Cycle. This cycle shows the timing 
flexibility of (DT/)OE which can be activated just after 
(WB/)WE falls, even when (WB/)WE is brought low 
after CAS. 


Refresh Cycle. A cycle at each of the 256 row addresses 
(A, through A,) will refresh all storage cells. Any operation 
cycle performed in the RAM port (i.e., read, write, refresh, 
or data transfer) refreshes the 1024 bits selected by the 
RAS addresses or an on-chip refresh address counter. 


RAS-only Refresh. A cycle with RAS-only active refreshes 
the memory. CAS is maintained high during the RAS active 
period to keep (W,/)IO; in the high-impedance state. This is 
the recommended refresh mode, especially when the mem- 
ory system consists of multiple rows of memory devices. 
The data outputs may be OR-tied with no bus contention 
when RAS-only refresh cycles are performed. 


CAS before RAS Refresh. The »PD41264 has an internal 
refresh function. When CAS is low as RAS falls, the on-chip 
control circuitry works so that the refresh operation is per- 
formed for row addresses specified by the refresh address 
counter. In this cycle the circuit operation based on CAS 

is maintained in a reset state. When the internal refresh 
operation is completed, an increment in the refresh address 
counter is automatically performed with preparation for the 
next CAS before RAS cycle. 


Hidden Refresh. A hidden refresh accomplishes a 
refresh cycle following a read cycle without disturbing 
the read data output. Once valid, the data output is 
controlled by CAS and OE. After the read cycle, CAS 
is held low while RAS goes high for precharge. A 
RAS-only cycle is then performed and the data output 
remains valid. The refresh operation itself is just the 
same as the CAS before RAS refresh. Therefore, the 
internal refresh operation is repeated with the valid 
data output. 


Page Mode Cycle. Page mode operation allows effectively 
faster memory access by keeping the same row address 
and strobing successive column addresses onto the chip. _ 
This is done by maintaining RAS low while successive CAS 
cycles are performed. Page mode operation allows a faster 
data transfer rate as RAS addresses are maintained inter- 
nally and do not have to be reapplied. During this operation, 
read, write and RW/RMW cycles are possible. Note that 

the write-per-bit control specified in the entry write cycle 

is maintained through the following page write cycle. 
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Data Transfer Cycle. A data transfer cycle is performed 
by bringing DT (/OE) low as RAS falls. As described 
previously, 1 of the 256 rows involved in the data trans- 
fer and the start location of the following serial read 
cycle in the serial read port are specified by address 
inputs. DT (/OE) must be low for a specified time from 
RAS and CAS so that the data transfer condition may 
be satisfied. The DT low-to-high transition causes two 
transfer operations through the data transfer gates: 
column address buffer outputs to serial address 
counters and memory cell data amplified on digit lines 
to the data register. RAS and CAS must be low during 
these data transfer operations to keep the transferred 
data in the RAM port. 


Serial read port operation 

The serial read port operation is used only to read out 
serially the data in the data registers starting froma 
specified location. The entire operation therefore 
follows the data transfer cycle. Data stored in the 
serial register will remain valid fora minimum of 4ms 
after the data transfer cycle. The only condition 
under which the serial read port must synchronize 
with the RAM port is when the DT(/OE) positive transi- 
tion must occur within a specified period in an SC 
cycle. Except for this SC cycle, the serial read port 
Can operate asynchronously with the RAM port. The 
data output will appear at SOj after an access time of 
tsca from SC high only when SOE is maintained low. 
The SC cycle which includes the DT(/OE) positive 
transition shows old data in the data register; the 
following SC cycles show new data transferred to the 
data register serially and in a looped manner. The 
serial data output is maintained until the next SC is 
activated. SOE controls the impedance of the serial 
output allowing multiplexing of more than one bank 
of uwPD41264 memories into the same external cir- 
cuitry. When SOE is at a low- -logic level, SOj will be 
enabled and the proper data read out. When SOE is at 
a high-logic level, SO; will be disabled and be in the 
high-impedance state. 


Absolute Maximum Ratings* 
Supply Voltage on Any Pin Except Vcc 
Relative to GND, Vp; 

Supply Voltage on Vcc Relative to GND, Vro 
Operating Temperature, Topr 

Storage Temperature, Tstcg 

Short-circuit Output Current, los 

Power Dissipation, Pp 


-1.0V to +7.0V 


-1.0Vto +7.0V 
0°C to + 70°C 

— 55°C to + 125°C 
50mA 

1.5W 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC Characteristics 
Ta = 0°C to + 70°C 
Recommended Operating Conditions 


Limits 


Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply Voltage Voc 45 5.0 5.5 Vv 
Supply Voltage GND 0 Vv 
High-level Input Voltage Vj, 2.4 5.5 Vv 
Low-level Input Voltage Vi, 1.0 0.8 V 
Ta = 0°C to + 70°C; Voc = 5.0V + 10%; GND = OV 
Input/Output Electrical Characteristics 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Vin = OV to 5.5V; 
pal a hie -10 10 A all other pins not 

under test = 0V 

Dour (10), SO}) is 
oe ies ~10 10 uA disabled; Voy 

= 0V to 5.5V 
RAM Port High-level ee 
Output Voltage Vonir) an Vee . lon) = —2mA 
RAM Port Low-level _ 
Output Voltage Vor) 0 0.4 Vv lou(r) = 4.2mA 
Serial Read Port High- _ 
level Output Voltage Vonis) sil Vee . longa). = = 2mA 
Serial Read Port Low- os 0 0.4 Vv lois) = 4.2mA 


level Output Voltage 


Operation modes which define power supply currents for 


each port are described in the following table. 


Power Supply Current 
Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV 


Port Symbol Operating Conditions 
Read or write cycle, RAS, CAS cycling, 
R RW 
me tac = tac (min) 
RAM STB Standby, RAS = Vi, Doyr = high impedance 
RAS-only refresh, RAS cycling, CAS = Vi, 
R 
ae oe tac = tac (min) 
RAM PAGE Page mode operation, RAS = Vj, CAS cycling, 
tec = tec (min) 
RAM CBR CAS hetore RAS refresh, CAS low as RAS falls, 
tac = tac (min) 
Data transfer cycle, DT low as RAS falls, 
RAM T 
i oie tre = tac (min) 
Serial Read STB Standby, SC = SOE = V,, 
Seriei Read ACT Serial read cycle, SOE = V,,, SC cycling, 


tscc = tscc (min) 


Ta = O°C to + 70°C; Vcc = 5.0V +10%; GND = OV 


Limits 


Port 
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Capacitance 
Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV; 
= 1MHz 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance, Address 
Inputs (Ag to Ay) Cua) > FF 
Input Capacitance, Data Cc E 
Transfer/Output Enable KOT/OE) 6 P 
Input/Output Capacitance, Cc 7 F 
Write Select/RAM Data lO 1O(W/I0) P 
Input Capacitance, Cc F 
Write-per-Bit/Write Enable KWB/WE) 6 P 
Input Capacitance, 
Row Address Strobe Ciras) S PF 
Input Capacitance, Cc 8 F 
Column Address Strobe KCAS) P 
Input Capacitance, 
Serial Output Enable Cisoe) 6 pF 
Output Capacitance, 
Serial Read Output Caso) J al 
Input Capacitance, Cc 8 pF 
\(SC) 


Serial Control 


AC Input/Output Timing Waveforms 


Input Timing 


Figure 1. Output Loading, RAM Port 


100pF 


u.PD41264-12 PD41264-15 — 
RAM Serial Read Symbol Min Typ Max Min Typ Max Unit Conditions 
RW STB lees 95 85 mA ® 
STB STB ra 12 42> s«mA © 
ROR STB lceg 75 65 mA ® 
PAGE STB lee (‘asér*~*é«SS 55 mA ® 
CBR STB lees 75 65 mA COD 
DTR STB =e 1200 100 mA ® 

RW ACT lce7 155 130 mA 0) 
STB ACT =e 60 45. mA QO 
ROR ACT hs 135 110. mA @® 
PAGE ACT lec1o 125 100 mA om 
CBR ACT icon 135 110 mA © | 
DTR ACT = 1800—~Ot™~” 145. mA ® 


Note: © No load on IO, and SO,. Except for loco, real values depend on output loading and 
cycle rates. 


Figure 2. Output Loading, Serial Read Port 


SO; 
50pF 


Vcc 


Vec 
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AC Characteristics © ® 
Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV 
Switching Characteristics ©® 


Limits 
41264-12 41264-15 Test 
No. ® Parameter Symbol Min Max Min Max Unit Conditions 
4 Access Time from RAS trac 120 150 ns © 
5 Access Time from CAS tcac 60 75 ons © 
36 Access Timefrom OE tog, 30 40 ns 
Serial Output Access 
57 Time from SC 'sca an ne 
Serial Output Access 
55 Time trom SOE ‘soa aa is 
Output Disable Time 
6 trom CAS High torr 0 30 0 40 ns ® 
Output Disable Time 
39 trom DE High toez 0 30 «OO 40 ns is - 
Serial Output Disable 
50 Time from SOE High ‘SO 68 . @ ; 
Notes: | See AC input/output timing waveforms. 
2 See Figures 1 and 2. —_ 
An initial pause of 100us is required after power-up followed by any 8 RAS 


cycles before proper device operation is achieved. 


4 No. equals a number attached to each parameter in the timing waveforms. 
5 Assumes that taco < tacp (max). If tacp is greater than the maximum recom- 
mended value given in the table, taac will increase by the amount that taco 


exceeds the values shown. 
6 Assumes that tacp 2 tacp (Max). 


? Anoutput disable time defines the time at which the output achieves the 
open-circuit condition and is not referenced to output voltage levels. 
8 Datain the serial output register remains valid for 4ms (min) after a data 


transfer cycle. 


AC Characteristics (Cont.) ©® 
Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV 
Timing Requirements © 


Limits 
41264-12 41264-15 Test 
No. @ Parameter Symbol Min Max Min Max Unit Conditions 
Random Read or 
1 Write Cycle Time tre aan ses ns 
Read-Write/Read- 
' Modify-Write Cycle tawe $00 365 om 7 
3 Page Mode Cycle Time tpco 120 145 ; ns 
7 lear gg Time (rise ty 3 50 3 50 ns 
8 RAS Precharge Time trp 90 100, ns 
9 RAS Pulse Width tras 120 10000 150 10000 ns 7 
10 RAS Hold Time trsy 60 75 ns oe 
CAS Precharge Time 
" (non-page mode) tcpn as ; 30 ” 7 : 
CAS Precharge Time 
12 (page mode only) top 50 60 an oe 
13. CAS Pulse Width toas 60 10000 75 10000 ns 
14 CAS Hold Time tesn 120 150° ne 
15 BAS ito CAS Delay tees 25 60 30 75 ns © 
CAS High to RAS Low — 
6 Precharge Time tore 0 . ” a 
Row Address 
a Set-up Time tasr a Q ae ; 
Row Address 
18 Hold Time tran 15 20 ns 
7 Column Address - — - ee : ; 
" Set-up Time tase ° =? 
Column Address 
20 Hold Time toan 20 25 ns 
Column Address Hold a — . a 
21 Time after RAS Low tar 66 ee 109 ea 
Read Command 
2 Set-up Time tacs ; ° a o 7 ” : 
23 Read Command Hold Hi © 


Time after RAS High trrH 20 . 20 


AC Characteristics (Cont.) ©® 
Ta = O°C to + 70°C; Voc = 5.0V + 10%; GND = OV 
Timing Requirements © 


Limits 
41264-12 41264-15 Test 
No. @ Parameter Symbol Min Max Min Max Unit Conditions 
Read Command Hold 
24 Time after CAS High tron ° ° ue © 
Write Command 
25 Set-up Time twos 0 0 ns ® 
Write Command 
26 Ae menor lice 35 45 ns 
Write Command Hold 
27 Time after RAS Low ‘wer ae lenis ae 
Write Command 
28 pulse Width ‘we == " ue 
Write Command to 
29 RAS Lead Time Taw ” ae na 
Write Command to 
30 CAS Lead Time ow. = ui “ 
31 DatainSet-up Time tos 0 0 ns 
__ 32 Datain Hold Time tou 35 45 ns 
Data in Hold Time 
33 after RAS Low tone oi ize me 
34 CAS to WE Delay tow 100 120 ns O) 
35 RAS to WE Delay tae 160 195 ns ©) 
GE High to Data in 
37 Set-up Delay OED a 40 ns 
OE High Hold Time 
38 atior Low toen i 40 ns 
CAS before RAS 
40 Refresh Set-up Time tesr 18 7 ” i 
CAS before RAS 
41 Refresh Hold Time ‘cn 7 = sll ne 
RAS High to CAS Low 
a Precharge Time trec 7 0 : ne 
43 Refresh Time Interval tree 4 4 ms 
44 DT Low Set-up Time tors 0 0 ns 
DT Low Hold Time 
45 atter RAS Low tron = se i 
DT Low Hold Time 
46 after CAS Low tcon ae 55 “ 
SC High to DT 
47 High Delay ‘soo 10 ; * ns 
SC Low Hold Time 
48 after OT High "son 7 » sd ; ae 
49 OE Pulse Width toe 35 40 ns 
51 ule ig _— 40 50000 60 50000 ns 
52 SC Pulse Width trey 10 20 ns 
53 SC Precharge Time tse. 10 20 ns 
SOE Low to Serial 
si Output Set-up Delay soo: 7 be : _ 5 7 oe 
Serial Output Hold 
56 Time after SC High tsou 10 10 ne 
58 DTHighSet-upTime tos $= 9 0 vs 
59 DT High Hold Time town 20 25 ns 
DT High to RAS 
60 High Delay _— 10 10 ns 
4, DtHightoCAS  , | a : 
61 high Delay —_ 10 10 ns 
62 one. toes 10 10 ns 
a Write-per-Bit OB as A 
64 Set-up Time twes 0 0 ns 
Write-per-Bit 
 siavine re 20 25 ns 
“4, WriteBitselection | 9 : 
66 Set-up Time ‘ws ° 2 a 
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AC Characteristics (Cont.) ©® 
Ta = 0°C to + 70°C; Vec = 5.0V + 10%; GND = OV 
Timing Requirements © 


No. © 
67 
68 
69 
70 


Notes: 


Limits 
41264-12 41264-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Write Bit Selection 
Hold Time tw 20 25 = 
SOE Pulse Width tsoe 15 20 ns 
SOE Precharge Time _tsop 15 20 ns 
DT High Hold Time 
After his High torn 20 + ne 
® See input/output timing waveforms. 
@ See Figures 1 and 2. 
® Vin (min) and V\, (max) are reference levels for measuring timing of input 
signals. Additionally, transition times are measured between Vj, and V),. 
@ No. equals a number attached to each parameter in the timing waveforms. 
© Operation within the tacp (max) limit ensures that trac (max) can be met. tacp 
(max) is specified as a reference point only, if taco is greater than the specified 
_ taco (max) limit, access time is controlled exclusively by tcac. 
© Either tary Or tacy Must be satisfied for a read cycle. 
@ twes, tewo, and tawo are restrictive operating parameters in read-write and 


read-modify-write cycles only. If twcs 2 twcs (min), the cycle is an early write 
cycle and the data output will remain open-circuit throughout the entire cycle. 
If towo 2 tewo (Min) and tawo 2 tawo (min), the cycle is a read-write and the data 
output will contain data read from the selected cell. If neither of the above 
conditions is met, the condition of the data out (at access time and until CAS 
goes back to V,) is indeterminate. 


) These parameters are referenced to CAS leading edge in early write cycles 


and to (WB/) WE leading edge in delayed write or read-modify-write cycles. 


Timing Waveforms 


Read Cycle 


Note: V,,, (min) and V, (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V),, and V\,. 


Timing Waveforms (cont) 


Early Write Cycle 


Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. 


Additionally, transition times are measured between V,, and V,,. 


Late Write Cycle 


Note: V,,, (min) and Vit (max) are reference levels for measuring timing of input signals. 


Additionally, transition times are measured between Vj, and V,,. 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycles 


Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V,,, and V),. 


RAS-only Refresh Hidden Refresh 


High-2 ———_—_—___— Read 


Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. , Oo 
Additionally, transition times are measured between V),, and Vj, Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between V),, and V,,. 


CAS before RAS Refresh 


High-Z 


Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. 
Additionally, transition times are measured between Vj, and V),. 
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Timing Waveforms (cont) 


Page Mode Read Cycle 


Note: Vj, (min) and V,, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V,, and Vj, . 


Page Mode Write Cycle 


Note: V),, (min) and V,, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V, and V;,. 
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Timing Waveforms (cont) 


Data Transfer Cycle (Port B Standby) Data Transfer Cycle (Port B Active) 


UXXKKX | XK | KXXXXK 


57 
tsOn tsca i=. 


t 57 
SCA 


Note: V,,, (min) and V,, (max) are reference levels for measuring timing of input signals. Additionally, transition times are measured between V),, and V,,. 
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APPLICATION NOTE 32 
yuPD41221 

SERIAL ACCESS MEMORY 

WITH CUSTOMIZED ARRAY SIZE 


‘Dd 


NEC Electronics Inc. 


Introduction 


This article introduces a new 320-row x 700-bit-field 
memory device. Originally designed for the television 
market, this device will find its way into many applica- 
tions which require storing data in a raster format. 
NMOS DRAM technology, a 14-pin plastic DIP pack- 
age and aunique row-pointer addressing scheme offer 
a low-cost device for smaller system size. The array 
size can be customized to meet customer applica- 
tions. See figure 1. 


The television business is driven by picture quality, 
which is an important attribute in the consumer decision- 
making process. High-definition television (HDTV) is 
usually direct broadcast transmission of 1125 line 
resolution. Higher picture quality can also be achieved 
by using the current NTSC standard and improving the 
image at the receiver end. It is for this market that the 
uPD41221 has immediate application. Because VCRs, 
CATV, video processing and special effects equipment 


Figure 1. ~uPD41221C Die Photo 


use similar components, the wPD41221 finds many 
applications in this family of products. 


In the associated industry of teletext, system price 
keeps terminals out of the average consumer's home. 


This article shows how the frame buffer memory can 
reduce component cost and simplify system design. 
The inevitable success of this product could allow an 
inexpensive terminal (using tv as the monitor) to be 
given to the subscriber for only a monthly service 
charge. 


The personal computer business is maturing and sta- 
blizing and two or three companies are becoming the de 
facto standards. With standardization comes oppor- 
tunities to develop add-on PC products. Playing a 
dominant role in this market are the image grabber and 
video digital signal processing option packages. The 
uPD41221 finds many and varied applications in this 
business segment. Before studying various applica- 
tions, let us look at the device architecture and operation. 


83-001551A 
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Device Definition 


NEC has produced a field memory to fit most tv 
specifications (see table 1). This device is manufac- 
tured at low cost using 256K DRAM NMOS technology. 
Produced on the same lines as the 256K DRAM, the 
storage cells are similar, while peripheral circuits differ 
from those of the standard DRAM. 


The device is line-addressable with the three signals 
INC/DEC/RCR, and therefore allows packaging in a 
14-pin dual in-line package. See figure 2. 


This serial memory operates by sequential readout of 
each bit (column) in a row. Rows correspond to scan 
lines on the tv screen. The correspondence between 
bits inthe memory and points on the screen is achieved 
by analog-to-digital conversion of the composite video 
signal which has been sampled at three times the 
frequency of the subcarrier signal. Seven outputs of 
the A/D converter are then stored in the serial memory. 


Figure 2. 41221 Pinout 


Row Counter Increment 
Row Counter Decrement 
Row Counter Reset 
Serial Control 
Sync Acknowledge 
Refresh Control 
83-001552A 


Figure 3. 


Refresh 
Address 
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Input Buffer 
Row Decoder 
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As seen in table 1, the wPD41221 can meet most tv 
standards and, by minor photomask modifications, 
can be customized to any size. 


Table 1. Field Memory Specification for TV 
Standards 
Sampling Memory 

TV Standard Rate Size Rate 

NTSC 4fso 263 x 910 69 ns 
3fs¢ 263 x 682 93 ns 
2.5fs¢ 263 x 569 112 ns 

PAL 4fsc 313 x 1135 56 ns 
3fs¢ 313 x 851 75 ns 
2.5fs¢ 313 x 709 90 ns 


Internal Device Description 
Organization 


The memory array is similar to a standard DRAM 
containing a balanced bit line, 1/2C dummy cell and 
sense amplifier. Asingle-transistor transfer gate allows 
the level on the bit-line pairs to flow through and be 
latched in the line buffer (see figures 3 and 4). A four- 
phase dynamic shift register provides the appropriately 
timed column decode to cause a transfer from the line 
buffer to the serial data bus (read operation). The write 
operation is simply a reverse of the read, taking the 
data from the serial |/O and latching it in the line buffer. 


| 700 cols | 


Memory Cell Array 


320 rows 


Transfer Gate 


Data 
Buffer 
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Unique Serial Read and Write Function 


An initial pause of 2 ms is required after power up. After 
this pause it is recommended that 8 cycles of REF, INC, 
DEC, RCR, and RAS be performed. The total number of 
dummy cycles required is 40 cycles. 


8 x (RAS + REF + INC + DEC + RCR) = 40 cycles 


This requirement is invisible to the CRT user since a 
few seconds are required for the CRT to heat up. 


The timing consistent with CRT operation is broken 
down into two time zones: (1) display time and (2) 
horizontal retrace time. See figure 6. Row selection can 
occur at any time but the row-selection pulse must be 
completed 100 ns before the data-transfer cycle. The 
negative transition of RAS starts a chain of internal 
clocks which precharge the bit lines, enable the sense 
amplifiers and turn on the transfer gates allowing the 
data to flow through and be latched in the line buffer 
(figure 4). Aminimum of 710 ns is required to complete 
the data transfer operation, which occurs during the 
horizontal retrace time. 


200 ns after RAS goes high, the serial clock can become 
active, beginning the serial-write, serial-read cycle for 
the display time. Refer to figure 5 for the following 
discussion of the line buffer and shift register. Data has 
been latched in the line buffer, which is actually two 
176 column buffers (column 0-351) and two 174 column 
buffers (columns 352-699). Each line buffer pair has a 
shift register which provides the column decode enable, 
transferring data to the serial |/O pair. The I/O pairs are 
connected to four differential input selectors. I/O g and 
|/O, are tied to a serial bus which is driven from either 
the read selector or write selector. |/O2 and I/Og are 
tied to a second set of read and write selectors. 


During a read (WE high), one enabled read selector 
receives and amplifies the differential signal and inputs 
it to the data-out buffer. WE going low initiates a write 
operation by enabling the appropriate write and read 
selector driving the serial bus and resetting the decoded 
flip-flop in the line buffer. 


Note: During a write operation the read selector is also active so 
that data also appears at data out, delayed by one serial 
access. The alternating reads and writes within the same 
operation is an unique feature not found in other DRAMs. 


Data Restore 


After 700 SC serial clock cycles, the output does not 
wrap around but switches unconditionally to a high 
state following the next SC low transition and remains 
high for any number of additional clocks (read cycle). 
For a write cycle the output follows the input. At the 
completion of the serial read or write, an internal clock 
signal, RAS1, has been active from the beginning of the 


uPD41221 


data-transfer cycle throughout the serial read/write 
cycle. Due to leakage, the level of this signal begins to 
decay and may affect stored data. For this reason it is 
recommended that a data-restore cycle be performed 
after each period of serial read/write operation. Of 
course, the data-transfer operation performs a full 
refresh. It is the relatively long time period of maintain- 
ing RAS1 for the full scan line which creates the need 
for the data-restore cycle. 


The data-restore cycle is achieved by bringing WE and 
then RAS low 200 ns after the last SC and REF clock. 
Data restore precharges the bit line and enables the 
sense amplifier, thus restoring all 700 cells for the 
previously selected row. 


Refresh 


The REF operation is executed by an on-chip refresh 
counter which is incremented by each refresh cycle. 
Nine address bits from the counter are multiplexed and 
sent to the row-address buffer and decoder which 
enables the selected row. The row selection process 
also generates internal row clock signals, and the full 
refresh functions occurs. 


Figure 4. Basic Schematics of Sense-Amp. and 
Line Buffer 
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Figure 5. Basic Schematics of Shift Register 


Initial Data 


Column Decode 
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Col Add = 0 Col Add = 1 Col Add = 2 Col Add = 3 
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Figure 6. ~PD41221 Timing Diagram 


[1] In this table a “0” indicates that the operation is available using the timing 
shown above. 
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In an interlaced or non-interlaced CRT application, all 
320 scan lines are read and restored every 16.6 or 33.3 
milliseconds (one frame time). Obviously, this violates 
the 320 cycle/2 ms requirements. The REF input (pin 
12) provides a method of supplying approximately 90 
refresh pulses per scan line (refresh cycle = 710 ns) 
thus easily providing the 320 cycles within 4 scan lines. 


One refresh scheme is simply to use a convenient clock 
(200 kHz to 1 MHz) from the system time-base genera- 
tor. Gating this clock on and off with the horizontal 
synchronous pulse would ensure a REF refresh during 
the serial read/write time. Pin 12 refresh can be per- 
formed during, and asynchronously with, the serial 
read/write operation. Refresh can also be performed 
during horizontal retrace but not during a data-restore 
cycle or during a data-transfer operation. 


Row Address Selection 


The INC, DEC, and RCR signals modify the row- 
address counter. After incrementing, decrementing, or 
resetting the counter, the multiplexer inputs the 9 bits to 
the row-address buffer and decoder. This row selection 
can be initiated during the horizontal retrace or during 
video time, as shown in figure 6. The previous row 
address remains valid through any further video time 
and a data-restore cycle. The new row-decode and 
sense-amp operation does not begin until the falling 
edge of RAS begins the DT cycle. 


Some Application Examples 


Improved Picture Quality Through Progressive 
Scan Technique 


The NTSC 1/30-of-a-second 525-line picture frame is 
broken down into two 262 1/2-line fields displayed in 
1/60 of a second. This approach uses the current 
transmitted bandwidth but requires twice the scan rate 
in the television system. Today large tvs have spacing 
between lines and the visible line structure degrades 
picture resolution. The introduction of digital frame 
stores now makes possible the sequential or progressive 
scan technique. 


With this technique the first or odd field is stored in the 
uPD41221. After scan conversion to double the line 
rate, each line of the even field is displayed. The stored 
odd field is read out of serial memory at double the 
normal line rate and is time-sequenced after each even 
line (see figure 7). All 525 lines are scanned in se- 
quence rather than interlaced. Line flicker is thus 
eliminated and there is a perceived increase in vertical 
resolution. 


uPD41221 


Sequential Scan Television 


The system in figure 8 is representative of how the 
sequential scan technique might be implemented for 
the 25-inch home tv market. A dynamic comb filter 
separates the luminescence (Y) from the color or 
chroma signal (| & Q). An A/D conversion is performed 
on each component at three times the bandwidth of 
each sampled signal. A field separator discriminates 
the odd and even fields. The odd lines are stored in two 
banks of seven uwPD41221 chips. The even lines can be 
displayed in real time, delayed by one horizontal time 
and scanned at twice the normal rate. 


As mentioned before, all 525 lines are displayed in 
16.67 ms, which results in 32 ys per line. Displaying 700 
samples in 32 ws requires an access time of 45 ns per 
sample necessitating two banks of memory and a 
memory interlacing scheme shown in figure 7. The 
chroma | and Q signals can be multiplexed and only 
one bank of serial memory is required. 


Image Freeze and Transmission 


The personal computer in the automated office envi- 
ronment has many purposes, not the least of which is 
intercompany communications. Electronic mail is a 
great asset to the office but the ability to transmit 
images as well as text will open exciting new markets. 
Providing a means for people to view the same object 
even though they are thousands of miles apart will have 
a major impact on productivity while reducing costly 
travel. 


Figure 7. Sequential Scan Technique 
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The diagram in figure 9 shows a freeze-frame trans- 
mission option for the IBM Personal Computer. Two of 
the five |/O system bus card slots are utilized. Since the 
image data is transmitted over telephone lines, a 
modem and the synchronous data line adapter are 
required. The frame grabber would occupy a second 
card slot and would contain the wPD41221 devices, 
A/D and D/A converters, and the required memory 
timing and control circuits. The number of serial 
memories used is dependent on such factors as screen 
resolution, number of colors, text overlay, etc. A high- 
speed line buffer is used to store one scan line of 
information. 


NEC 


While the tv camera analog signal is sampled and 
stored in the frame buffer it is simultaneously displayed 
on the monitor. (Displaying the frame as it is written in 
memory is possible because data-in appears at data 
out during a write cycle.) A scan line of data is 
transferred to the line buffer where it awaits a DMA 
transfer cycle. Now in system memory the data can be 
compressed prior to being transmitted over the tele- 
phone lines. Once received the compressed signal is 
decompressed and displayed on the monitor. 


Figure 8. 1¥.¥. Employing Sequential Scan Technique with NEC’s uPD41221 
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Figure 9. Image Freeze and Transmission System 
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uUPD41221 vs Standard DRAMs for TV 
Applications 


For tv applications the DRAM is an awkward fit. 
Achieving the higher access rates requires using three 
RAMs in parallel combined with a high-speed shift 
register. The serial-parallel and parallel-serial con- 
version coupled with the complex logic and control 
circuits makes this technique a poor alternative. Inter- 
leaving page-mode cycles or use of static-column 
devices also adds circuit complexity and increases 
system cost. The use of DRAMsS is also likely to require 
the addition of aCRT controller and/or DRAM control- 
ler. 


Memory-timing circuitry for the system shown in figure 
9 is relatively simple compared to that required using 
DRAMs. The logic diagram in figure 10 is an example of 
how the memory timing might be designed for the 
frame grabber section of the image freeze and trans- 
mission system. The momentary on/off switch S1 
(write/read control) in the on position initiates the data 
transfer, serial write and data-restore cycle storing one 
frame of information. When S71 is in the off position the 
frame buffer operates in the read and refresh mode, 
continuing to update the display. 


After the horizontal and vertical sync pulses are stripped 
from the composite video, these signals are used by 
flip-flops U3 and U5 to generate the timing for the 
uPD41221. These signals control the field memory so 
that data restore and data transfer are performed 
during the horizontal retrace period. Serial data is read 
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from or written to the field memory starting in the 
blanking period and continuing through the display 
period. The timing diagram for this system is shown in 
figure 11. 


The counter U4 is used to generate the basic horizontal 
scan timing. The leading edge of the HSYNC releases 
the counter U4. Counter U4 counts the 2 MHz clock 
and decoder U6 generates RAS and WE for the data 
transfer and data restore functions. Outputs of the 
74LS42 (1 through 4) are used for this purpose. INC and 
RCR, which control the row addresses, are generated 
by decoder output 6. Decoder output 7 resets the 
counter, and data reading or writing begins. The SC signal 
is generated from the 3fSC clock. During the read and 
write time, the REF signal (generated by halving the 2 
MHz clock) is available to perform memory-cell refresh. 


With the momentary switch S1 in the normally off 
position, the WE signal is held high to allow the 
complete read out of the field memory. To store one 
field, WE is held low during the serial write time. This 
operation is controlled by counter U5. When switch S1 
is pushed on, the memory is placed in the input mode. 
With all outputs high the counter loads on the next 
edge of the vertical sync setting QA low. QA controls 
the WE signal to set the one field write mode. 


There are no addresses to be generated, no multiplexing, 
no latches and refresh (REF) is provided by the 2 MHz 
output of U1. Using the 41221C, the control circuitry is 
reduced to about ten standard TTL logic ICs. This logic 
could be implemented in a gate array of about 250 
gates. 
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Figure 10. Memory Timing and Control Chart 
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Figure 11. System Timing 


Horizontal Scan Period 63.5 ys 


Retrace 


A Peek at the Future 


The new automated office and consumer applications 
will require the recording and transmissions of printed 
documents and photographic images. This facsimile- 
type transmission will demand low cost systems. Appli- 
cation-specific memories will play a major role in 
reducing the cost of these systems. 
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The cost advantages of NUOS DRAM mass production 
technology can now be applied to consumer products. 
In defining new devices, NEC is evaluating all operating 
parameters: speed, power, configuration and special 
on-chip circuits to best fit these new and emerging 
products. For example, field memory devices with 
capacities of 1 megabits could be used with high- 
performance systems requiring four times the sampling 
rate. 
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Introduction 


This application note describes the function of NEC’s 
uUPD41264 dual-ported memory and illustrates a gra- 
phics system that uses the wPD7220A Graphics Dis- 
play Controller (GDC) and the wPD41264, operating in 
flash drawing mode. The first part describes the 
memory and the second part describes the system, 
with information on interfacing the video memory to 
the GDC and generating system timing. 


uPD41264 Video RAM 


Two real ports in a single piece of silicon is an exciting 
alternative to the use of standard memories and large 
quantities of TTL interface logic. NEC introduced the 
uPD41264 video memory at the 1985 International 
Solid State Circuit Conference (ISSCC). It combines a 
standard 64K x 4 DRAM with a high-speed 256 x 4 serial 
port. In this application, the serial port is referred to as 
port B and the random access port is referred to as 
portA. 


The wPD41264 uses a double-poly-layer N-channel 
silicon gate process to provide high density, high 
performance, and high reliability. The 24-pin 400 mil 
DIP package is made possible by multiplexing two 
functions on a single terminal (DT/OE). 


Data Transfer Operation 


The data transfer (DT) operation (figure 1) is initiated 
when DT/OE is low before RAS goes low. The operation 
begins as in a standard DRAM; RAS strobes row- 
address information into the row-address buffer and 
the information is sent to the row decoder to select a 
word line. Cell data is then transferred to the bit line 
and amplified. The transfer from the memory cell to the 
data register occurs on the positive edge of DT/OE. 
1024 bits of data are sent through the enabled data 
transfer gates and into the data registers. The data 
registers then contain the new data, which is 
immediately ready for the serial port. The DRAM (port 
A) remains in tri-state during this data transfer cycle. 


In non-DT cycles, DT/OE is held high, disconnecting 
the data registers from the memory array. The data 
transfer gates are disabled or turned off, allowing both 
ports to operate asynchronously. During this time, the 
CPU can access port A while port B updates the 
display. In this mode, port A operates as a standard 
RAM device, making an OE-controlled write possible. 
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Port B Operation 


While the DT cycle proceeds, the SC clock provides 
video clock rate timing to a serial selector which shifts 
data out each pin (SOo to SO3). This activity is 
independent of the RAM port except during a data- 
transfer cycle. 


This is the only time interval when the RAM port and 
serial port do not work independently. The serial port 
reads out data serially from the registers starting ata 
specified location. Data appears at SO; after an access 
time of tsca, referenced from the high transition of SC. 
With the speed of the SC clock, the data-valid time is 
short, making it difficult to latch the data into an 
external shift register. To solve this problem, the 
uPD41264 holds or latches the data until the next SC 
cycle. 


The SOE signal must be low during a serial-shift cycle. 
When this pin is high, port B is in a high-impedance 
state. The SOE pin allows you to combine multiple 
chips in parallel. 


Once the DT cycle occurs, 1024 bits of data are 
transferred from the cell array to the data register, 
which is now ready to send new data to the serial port. 
In this cycle, eight bits of column address are latched in 
the address buffer and sent to an 8-bit counter. This 
counter specifies the starting location of the serial 
selector in the data register. After setting this pointer, 
the 8-bit counter increments once for each SC clock 
cycle and wraps around like aring counter after 256 SC 
clock cycles. This technique allows you to exchange 
new data for old “on the fly” in real time without 
interruption. 


This real time operation requires that DT and SC be 
synchronized to ensure a continuous stream of valid 
data. The rising edge of DT/OE must maintain a tspp 
(setup time) and tsppy (hold time) with respect to the SC 
clock. This data register update timing is significant 
because it removes the restriction of waiting for the 
horizontal-blanking time before passing new pixel 
updates to the shift register. 


Write-Per-Bit Operation 


Graphics applications often require changing only 
selected pixels while surrounding pixels remain un- 
changed. In asingle-memory plane, when you change 
pixel data for vector generation, the only bits that 
change are the vector bits. Multiple-plane write-per-bit 
applications include changing text over a constant 
image or, ina CAD system, changing only one layer of 
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Figure 1. Timing Chart in a Data Transfer Cycle 
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a VLSI chip. Standard DRAMs require two cycles ora 
read/modify/write cycle for this process. First, all four 
bits are read out; then the CPU modifies the data and 
rewrites it. 


The uwPD41264 can selectively access any one or 
combination of four bits. Latch the write-per-bit (WB) 
mode by bringing WB/WE low before RAS goes low 
(figure 2). The bit selection or mask information is 
multiplexed on the common 1/O terminal Wo/lOo- 
W3/lO3. If the bit selection data is a logical 1, the 
common I/O terminal is enabled and new write data 
updates the frame buffer. A logical 0 inhibits the write 
and leaves the pixel unchanged. 


If you perform a read/modify/write cycle, old mask 
data remains latched as long as RAS is held low. Ina 
non-WB mode, this pin acts as a standard write enable, 
simultaneously writing all four bits. 


Discussions with video systems houses reveal that 
competitive pressures are driving performance im- 
provement. The independent clocking of the DRAM 
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and serial port allows random access to occur simul- 
taneously with shifting out video data. Asynchronous 
operation provides the CPU with almost 100% access 
to the frame buffer. Video RAMs allow the system 
designer to use his creativity to make the best use of 
the DRAM update time. 


Figure 2. Write-Per-Bit Function Timing 
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The uPD7220A/,PD41264 
Graphics System 


Figure 3 shows a block diagram of a uwPD7220A-based 
graphics system. The display memory is made up of 
four uPD41264s to form a 16-bit-wide memory plane. 
The multiplexed input and output lines are directly 
connected to the wPD7220A address/data bus. The 
data bits in the wPD41264 data register are loaded into 
the 8-bit shift register through the four serial output 
lines. The timing-controller logic generates the signals 
required to synchronize all the blocks within this 
system. 


Use of the vPD7220A 


The uwPD7220A interacts with the display memory in 
display cycles and drawing cycles. (Refer to the Data 
Sheet and the Design Manual for the wPD7220A for 
detailed discussion on the use of these features and 
others mentioned later in this application note.) Display 
cycles are made up of two 2xWCLK cycles (2xWCLK is 
the input clock to the wPD7220A). A display address is 
output during the first cycle and the data is available at 
the end of the second cycle. Drawing cycles are made 


Figure 3. System Block Diagram 
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up of four 2xWCLK cycles. A drawing address is output 
during the first cycle and the wPD7220A reads the data 
from the display memory in the third cycle. It modifies 
and outputs the data at the end of the fourth cycle. 


Drawing and display cycles are output in flashless and 
flash modes. In flashless mode, the drawing cycles are 
generated only during the horizontal and vertical 
blanking periods, and display cycles are performed 
during the active video time. This means that there are 
no display disturbances, but the update time is brief 
(15 - 20% of the total video time). 


Flash mode allows drawing cycles to be generated at 
all times. Display cycles are output only when no 
drawing operation is in progress, or when the drawing 
hold (DH) pin of the wPD7220A is held high for four 
2xWCLK cycles. This mode increases the update rate 
by four or five times, but makes display interruptions 
more likely. 


The drawing hold function allows the wPD7220A to 
interface to the wPD41264 VRAMs. The wPD7220A can 
then operate in flash mode. 
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As shown in figure 3, the 8-bit shift register input data 
lines are connected to the serial data outputs of the 
four wPD41264s. The serial output enable signals 
(SOE1 and SOE2) input to the wPD41264s become 
active one at atime. This loads the shift register twice in 
one SC cycle. The SO7-SQOpo data bits are loaded into 
the shift register after the rising edge of the SC clock. 
The shift register is emptied before the first half of the 
cycle ends. Then, the SO15-SOg data bits are loaded at 
the middle of the cycle after the falling edge of SC 
occurs. This method of memory bank switching elimi- 
nates the need for an extra 8-bit shift register. Because 16 
bits overall are shifted out during an SC cycle, the value 
of the serial clock frequency is one-sixteenth of the 
pixel clock (SC = 1/16 x PCLK). 


Figure 4. Timing for Memory Cycles 
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The serial output enable (SOE) input signal enables 
the serial output buffers of the wPD41264. There is a 
delay between the time that SOE goes active and when 
the serial data bits become valid. The signal transitions 
of SOE1 and SOE2 should not coincide with the SC 
clock to prevent data contention while switching 
memory banks. If the SC clock period is too short, this 
time delay may not be tolerated, preventing memory 
bank switching. In this case, you should use an extra 
8-bit shift register. 


The falling edge of the ALE signal latches the 16-bit 
address from the ywPD7220A into the tri-state latches. 
The timing diagram in figure 4 shows how the ALE 
signal is delayed to construct the RAS signal. Delaying 
the RAS signal by a few PCLK cycles generates the 
CAS signal. 
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System Operation 


This system uses three memory cycles: RAS-only 
refresh cycle, read/modify/write cycle, and data- 
transfer cycle. The w~PD7220A can perform the dynamic 
memory refresh if this is programmed in its RESET 
command. The lower 8-bit address lines (AD7 - ADo) of 
the wPD7220A are connected to its internal 8-bit 
refresh address counter. This counter is enabled during 
horizontal sync and its output is available on the falling 
edge of the ALE signal. Therefore, CAS and horizontal 
sync should be gated so that the CAS cycle does not 
occur during this period. A refresh cycle is accom- 
plished with the row_address coming from the AD7- 
ADg lines during the RAS cycle. The number of refresh 
cycles depends on the width of the horizontal sync 
(programmable in the wPD7220A). 


A drawing cycle in the wPD7220A is basically an RMW 
cycle. The external logic uses the DBIN signal to 
control the data bus output direction. This signal is 
used to control the DT/OE inputs of the uwPD41264s. 
When low, data is output from the memories so that the 
uUPD7220A can read it. The DBIN signal also generates 
the WE (write enable) signal. This is accomplished by 
delaying DBIN by one and one-half 2xWCLK cycles 
and ORing the result with the 2xWCLK signal (see 
figure 5). 


Setting the image bit and GD bit to one increments the 
display address every other display cycle. This mode 
allows you to double the wPD7220 clock rate while 
maintaining the occurrence of display addresses as In 
normal mode, thus doubling the drawing speed. Thisis 
shown in figure 6. DAD represents the display address. 


A data-transfer cycle is the same as a read cycle except 
that the DT/OE input signals of the w~PD41264s must be 
low before RAS occurs. The external logic should 
generate a draw hold (DH) signal to the wPD7220A 


Figure 5. Timing for Drawing Cycles 


before generating this cycle. The DH signal must be 
high for four 2xWCLK cycles so that the wPD7220A can 
complete the current drawing cycle. After the DH 
signal goes from high to low, the wPD7220A generates 
two consecutive display cycles. The external logic can 
then use these display cycles to perform a data-transfer 
cycle. Figure 4 also shows the timing for this event. 


The rate at which data-transfer cycles occur depends 
on the mapping of the display memory. If the mapping 
is such that the screen width is equal to the actual 
width of the display memory (in uwPD7220A terms, this 
is referred to as the pitch parameter), a data-transfer 
cycle is generated every 256 SCLK cycles. Depending 
on the horizontal pixel resolution, the data-transfer 
cycle could take place during a raster-scan period. If 
so, you should perform a real-time data transfer. 


If the screen width is less than the display memory 
width, generate a data transfer cycle during every 
horizontal retrace period to put data for the next 
horizontal line into the data registers of the uwPD41 264s. 


Conclusion 


So far, graphics systems based on the wPD7220A and 
regular dynamic memories have not been able to take 
full advantage of the wPD7220A’s drawing speed; 
mainly because most systems use the wPD7220A in 
flashless drawing mode to avoid display disturbances. 
However, the advent of the wPD41264 makes it possible 
to use the flash drawing mode, increasing the drawing 
rate to four or five times the rate of systems using 
regular dynamic memories. 


The key to this increased drawing rate is the dual data 
ports integrated into the wPD41264. The uwPD7220A 
can communicate with port A to update the display 
memory at the same time that port B is being used to 
update the video display. 
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Figure 6. Image Mode and Normal Mode 


2xWCLK | | | | | | | | | | | | | 


ALE | | | | | | | 


Normal Mode DAD DAD +1 DAD+2 DAD +3 


Image Mode DAD DAD DAD+1 DAD +1 


DAD: Display Address 
83-001566B 


3-58 


NEC 


NEC Electronics Inc. 


Development of a 256K-Bit Dual-Port 
Memory for Frame Buffering with Capability of 
Uninterrupted Serial Output 


by Satoru Kobayashi, NEC Inc., Memory Technology 
Headquarters 


NEC Inc. has developed a 64K x 4-bit dual-port 
dynamic memory chip with a key design emphasis on 
its ease of use in frame buffering for bit-mapped 
displays. The commercial part number is wPD41264. 
While it is accessed randomly, the memory is capable 
of displaying data output in a serial mode at the 
maximum rate of 25 MHz. In addition to this, as basic 
features, it has three new functions. They include the 
function to internally transfer data into the data registers 
designated for serial output while performing the 
output function of the display data. To accomplish the 
intended functions and performance level, the manu- 
facturing technology has been kept the same as the 
existing one, while the circuit designs were modified. 
When this memory is used, updating the displayed data 
becomes several times faster than conventional 
methods 


The advancement in semiconductor technology has 
been significant since the beginning of the 1970s. In 
the field of integrated circuitry, various types of tech- 
nological innovations were made with the goal of 
higher density in integration, lower power dissipation, 
and lower costs. 


Among such innovations, most notable changes occur- 
red inthe MOS dynamic memory. First, with the advent 
of the 1K-bit dynamic memory, the traditional mag- 
netic core was replaced by semiconductor memory. 
Since then its capacity has been increasing by a factor 
of four every 2 to 3 years. At present the 256K-bit 
products are prevalent in the marketplace, and it 
appears as if sometime in 1985 specimens of 1M-bit 
memory might appear. 


Product Diversification Started with 64K-Bit 
Products 


The transition has been characterized by the increase 
in chip memory capacity; about the time the 64K-bit 
products appeared, product diversification started. 
Not only did we see improvements in the basic functions 
aimed at a decrease in access time and a reduction in 
power dissipation, but we also started seeing products 
with functions making them easy to use by increasing 
the tolerances in their critical timings, new refreshing 
methods, etc. At the same time, specialized memories 
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dedicated to specific applications started appearing 
along with the 64K-bit products./, 11-13 


For instance, in addition to the conventional page 
mode, new high-speed access modes such as the 
nibble mode, static column mode, and ripple mode 
were introduced.3, 4, 9 Then there were peripheral 
CMOS-type dynamic RAMs that combined the CMOS 
technology in peripheral circuits for the specific pur- 
pose of lowering power consumption. Moreover, to 
improve the ease of use, CAS-before-RAS refresh and 
self-refresh were introduced as additional functions 
plus functions to moderate the timing criticality in the 
areas of RAS time-out in static column mode and time- 
out during write. 


Owing to these improvements in functionality and 
performance, the burden on users designing their 
systems was reduced. It should be noted, however, that 
these improvements were made with the anticipation 
of primary use as the main memory of large-scale 
mainframe computers. They were not developed for 
use in small systems, which have seen a dramatic rise 
in popularity in recent years. For this reason, they were 
not the kinds of functions that were necessarily easy to 
use from the viewpoint of small system designers. 


Demands Are Increasing for Display Memories 
To Be Used in Small Systems 


During the latter half of the 1970s, microprocessors 
began to be uSed in various types of electronic equip- 
ment. At the same time, a demand for memories was 
created for small systems such as personal computers, 
word processors, computer terminals, work stations, 
and CAD/CAM systems. Along with the rise in pop- 
uiarity of microprocessors, the unit price per bit of 
dynamic RAMs came down dramatically. The falling 
prices spurred a drastic increase in the volume of 
dynamic RAMs used in small systems. As a result, the 
ratio of their use is now reversed between small and 
large systems. 


The application of RAMs in small systems can largely 
be divided into main memory and display memory. The 
main difference between small and large systems is 
that in small systems the ratio of RAMs used as display 
memories for storing character and graphic data is 
extremely large. The size of display memories per 
system ranges from several tens of kilobytes to as 
many as several megabytes, whereby the trend shows 
that the size has become equivalent to or larger than 
that of the main memory itself. It is expected that the 
demands for RAMs for display memories will continue 
to grow. There are speculations based on actual usage 
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that within 2 to 3 years as much as 30 to 40 percent of 
dynamic memories will be used for display purposes. 
Among display memories, frame buffers for bit-mapped 
displays will see a dramatic market expansion. 


As Memory Capacity Increases, Conventional 
Chips Become More Difficult To Use. 


Some aspects of the traditional standard chips render 
them difficult to use as frame buffers. Worse yet, as 
memory capacity increases from 256 kilobits to 1 
megabit, problems stemming from difficulties asso- 
ciated with their use will become much more serious. 


First, in the area of x1-bit patterns, which have tradition- 
ally made up the main type of RAMs, if the capacity 
increases, there will be situations in which the length of 
a word is too deep. At present, the capability for display 
resolution is generally in the range between 256 x 192 
and 1280 x 1024 pixels. For instance, when a 256K-bit 
memory is used in a small-scale 256 x 192 pixel display, 
five planes can fit into one chip. It is difficult not to 
waste memory cells; the peripheral circuits tend to get 
large. Although there are specimens of x4-bit and 
x8-bit pattern memories, their main applications are for 
main memories in small systems. When they are used 
for frame buffers, and if the memory capacity require- 
ment per chip is increased by a factor of four, then 
there is atendency that this setup would spur demands 
for the word length also to be expanded by a factor of 
four. But if this is to be done, the number of pins 
needed would increase and the package size would 
become large, hence diminishing the advantage of a 
large capacity memory. 


The memory cycle time is also a problem. For instance, 
in a display of 1280 x 1024 pixels, the display data are 
sent to the CRT at a speed of about 9.3 nanoseconds 
per pixel.° This is significantly shorter than the cycle 
time of conventional dynamic RAMs. For the purpose 
of mitigating the speed difference, the user must resort 
to a technique of taking out the data in parallel froma 
number of dynamic RAMs and converting the data into 
a serialized stream. For this, either parallel-to-serial 
conversion registers are used or a technique is used to 
enable the dynamic RAMs in a time-sliced synchroni- 
zation schedule. Either way would result in bloated 
peripheral circuitry while the number of connection 
lines would increase on the printed circuit board. This, 
in turn, would become a burden during the PC board 
designing phase. As a result, even though it makes a 
large capacity memory possible, actual use in asystem 
is difficult. 


The basic function of a frame buffer is to send display 
to the CRT at a designated speed. The performance 
level of a system is determined by the efficiency with 
which the processor can refresh the display data while 
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continuing this basic function. A frame buffer requires 
two access ports.!9 But a conventional standard 
dynamic RAM has been characterized as being a 
single-port memory, namely, containing only one set 
each of data input/output terminals and address input 
terminals. While the display data are being output to 
the CRT, this type cannot concurrently allow the 
processor to perform the memory access. There is only 
one remedy to this: introduce the time-slicing scheme 
so as to use it as a pseudo-dual-port memory. 


There are primarily two methods of time-sliced access 
to a frame buffer. One is to permit CPU access to it only 
during the blanking phase of the display, while CPU 
access during the data display phase is restricted to 
sending display data to the CRT. This would invariably 
reduce the access efficiency of the processor to 20-30 
percent. Another method is the cycle-steal method 
wherein the timing intervals are so minutely divided as 
to allow the processor access to the memory even 
during the display phase. As compared to the first 
method, the operational efficiency is improved; how- 
ever, it requires complex high-speed peripheral circuits. 


As pointed out in the foregoing, conventional standard 
dynamic RAMs are difficult to use for frame buffers. In 
principle, it is possible to assemble a large capacity 
memory into a frame buffer so long as it can function at 
a high rate of speed. Moreover, it is possible that, as 
replacements to the traditional page memory, tech- 
niques will be developed to use this type of memory in 
such high-speed access modes as the nibble mode, 
static column mode, and ripple mode.5, 9 But for this 
type of memory to be used in such modes, additional 
externally attached circuits are needed between it and 
the microprocessor. If it is a single-port memory, 
building a frame buffer out of it becomes more difficult 
as its memory capacity becomes larger. 


A Dual-Port Memory Solves Frame Buffering 


Of various memories used for displays, we judged that 
the most adequate solution for a memory chip to be 
used for frame buffering was a genuine dual-port 
memory. Hence, we started our development efforts 
accordingly. The results were the duai-port dynamic 
memory (uPD41264), about which we published details 
in February 1985.1, 6, 8 


As illustrated in figure 1, it is equipped with a 64K x 
4-bit random access port, and a 256 x 4-bit serial 
access port. The serial port consists of four 256-bit 
data registers, each allowing serial output at the 
maximum rate of 25 megabits/second. This serial port 
can be used as a dedicated port for sending display 
data to the CRT. When a 4-bit parallel-serial converter 
is externally attached to it, it can send display data to 
the CRT at 100 megabits/ second. 
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The random access port does not have to get involved 
in display data output to the CRT except for timing the 
internal transfer of 1024-bit data blocks from the 
memory cell arrays. Using this memory chip, there is 
no need to resort to a cycle stealing technique to 
increase the access efficiency of the processor; in fact 
it can obtain nearly 100 percent efficiency. 


In addition to the foregoing, we also devised measures 
to keep the memory cell usage efficiency rate near 100 
percent regardless of what type of pixel configuration 
the display may consist of. The design intent was to 
allow it to accommodate a wide range of uses as a 
frame buffering memory, from low-resolution to high- 
resolution displays. 


Dedicated Memories Deployed As the Market 
Determines 


As for dynamic memories, we have entered a period 
when dedicated memories should be developed for a 
specific application, focusing on the functions and 
performance level it calls for so long as the market size 
is large enough. As we mentioned before, the area in 
which the memory demands will see a dramatic increase 
in the near future is display memories. We have 
classified the display memory field in figure 2. We 
divided the field into computer, television, telecom- 
munications, and hybrid application groups, and 
established a basic goal of developing dedicated mem- 
ories best suited to each application group. We have 
already commercialized a dedicated product 
(uPD41221C)2 for television and telecommunication 
applications. This product was designed as a field 
memory for television and VTR applications by allowing 
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high-speed serial input/output cycles. Since it is spe- 
cialized for applications that do not require direct data 
manipulation by the processor, no random access 
function was provided. This allowed the chip to be 
packaged as a 14-pin DIP. The dual-port memory chip 
that we are introducing as a product this time is aimed 
at the computer applications group. 


Functions Added for Frame Buffer Applications 


The functional block diagram of the dual-port memory 
that we deveioped as a product this time is illustrated in 
figure 3. In addition to the 64K x 4-bit dynamic RAMs, 
we added a circuit that creates a serial port. The latter 
can internally transfer in one cycle a line of 1024 data 
bits from the memory cell array to a 256 x 4-bit register. 
Interfacing with the internal data transfer are the data 
transfer gates, which consist of 1024 transistor arrays. 
This setup makes it possible to serially output the data 
stored in the data registers by means of a selector and 
an output buffer. Its maximum output speed is 25 
megabits/second. 


Instead of shift registers, the serial-port registers were 
made of circuits that allow selective output of data from 
the data registers viaa selector. Because of this design, 
it was possible to realize the pointer-control function to 
start serial output from any array address immediately 
following an internal data transfer. 


The package is a 24-pin plastic DIP (figure 4). Because 
of the serial-port circuit, the width of the chip grew. For 
this reason, a 10.2-mm (400-mil) wide package was 
required. The terminals that are provided in the package 
but missing from the conventional standard-type RAMs 
are the serial clock (SC) terminal that controls the 


Figure 2. Application Fields of Display Memories 
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serial port, the serial output enable (SOE) terminal, and 
the serial data output terminals (SO9-SOs3), a total of 
six terminals. In addition, a data transfer control clock 
(DT) for internal data transfer to the serial ports, a write 
per bit control signal (WB), which became a necessity 
for the newly created functions, and the mask data 
input signals (Wo-W3) were added as new features. 
However, to keep the increase in pins to a minimum, 
these were piggy-backed onto the conventional signal 
terminals. 


Table 1 summarizes the primary timing characteristics 
of the wPD41264-12 product. With regard to refresh 
function, it requires 256 refresh cycles in 4 ms, the 
same as conventional dynamic RAMs. Since a refresh 
address counter has been provided internally, it is 
possible to allow the CAS-before-RAS refresh func- 
tion. The input-output signals are handled entirely at 
the TTL level. In addition to the wPD41264-12, we also 
provided another product (uPD41264-15) with a maxi- 
mum RAS access speed of 150 ns. 


Figure 3. Block Diagram of the Functional Interior 


Figure 5 shows the source current waveform. When 
two ports are active simultaneously, current is 190 mA 
maximum. When ports are idle, current is 15 mA 
maximum. 


Table 1. .uPD41264-12 Timing Characteristics 


RAS access time 120 ns max 
CAS access time 60 ns max 
OE access time 35 ns max 
RAS cycle time 230 ns max 
Serial access time 40 ns max 
Serial cycle time 40 ns min 
SOE access time 35 ns max 


Refresh 256 cycle/4 ms 


Note: 
(1) The cycle time in page mode is 120 ns minimum. 


(2) In addition to RAS-only refresh, it is also furnished with the 
CAS-before-RAS refresh function. 
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Three Functions Added for Ease of Use 


We added three new functions to make the dual-port 
memory easy to use. One is the write-per-bit function, 
anew write mode for the random port. When this mode 
is used, of the 4-bit cells that can be selected during a 
random access mode by means of the row and column 
address specifications, it is possible to update the 
contents of any given cellin one RAS cycle. Although 
the cell is of a4-bit pattern, write access is possible ona 
bit basis. In the areas of graphic pattern processing, 
there are times when the processor accesses the frame 
buffer(s) on bit-based units. This is a new function to 
address such demands. 


By addition of two functions we call the pointer control 
function and the real-time data transfer function, we 
made it easy to use the serial port. When the pointer 
control function is used, horizontal scrolling of dots is 
made simpler. When the real-time data transfer function 
is used, it becomes possible to stop the waste of 
memory cells by flexibly adjusting to the display pixel 
patterns. 


Serial Output Continues During Internal Data 
Transfers 


Figure 6 shows timing control during internal data 
transfer. Just like the ordinary random access cycle, 
the internal data transfer cycle also begins with a 
timing of the falling RAS signal. Which cycle the timing 
belongs to is determined by the level of the data 
transfer control clock (DT). Hence, when DT is kept at 
a high level during timing of the falling RAS signal, it 
means an ordinary random access cycle. Conversely, 
when the DT level is low, it means a data transfer cycle. 


In the example of figure 6, arow address M is specified 
during the data transfer cycle. By means of this, the 
contents of row M are newly transferred into a data 


Figure 4. Pin Configuration, 24-Pin Plastic DIP 
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register and then output serially from the serial port. 
The actual operation of how the data in row M is read 
from the serial port is illustrated in figure 6. First, the 
DT signal is restored to a high level during the data 
transfer cycle; then data readout begins with the very 
first start-up timing of the SC clock. 


Similarly, in order to update the contents of the data 
register(s), itis necessary to set up data transfer cycles 
using the random port control signals. During this 
period, only the random port is disabled from perform- 
ing the ordinary random access function. However, as 
shown in figure 6, the functioning of the serial port can 
be continued without interruption. As described above, 
we provided a function to perform the internal data 
transfer while continuing the serial output. This we 
named the real-time data transfer function. 


To accomplish the foregoing objectives, we provided 
only one timing rule between the SC signal, which is 
used by the serial port during data transfer cycles, and 
the data transfer clock, which is the signal from the 
random port side. They are shown in figure 6 as tspp 
and tspy. To accomplish the real-time data transfer, we 
introduced the restriction that both tspp and tspy be 
kept above 10 ns. As a method of meeting this require- 
ment, we recommend a technique of synchronizing the 
timings between the start-up of DT during the data 
transfer cycle and the falling of SC. Since one phase 
period of SC is a minimum of 40 ns, even when the 
serial port is utilized at its maximum speed, this would 
allow a margin of about 10 ns for the start-up timing of 
Se 


Owing to this real-time data transfer function, it is 
possible during the display to perform the internal data 
transfers needed to update the data within the data 
register(s). For this reason, it is possible to relate the 
data equal to one horizontal line to a plural number of 
lines within the memory. As a result, regardless of the 
pixel configuration of the display, it became possible to 


Figure 5. Source Current Waveform 
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make the usage efficiency of the memories making up 
the frame buffer(s) very close to 10U percent. It should 
be noted that during a data transfer cycle, the data 
Output pin of the random port turns into a high- 
impedance state. 


Although it is true that by virtue of the real-time data 
transfer function, the memory assignment can be ac- 
complished freely regardless of the pixel configuration 
of a given display image, it is necessary to be careful of 
the refresh of the internal data register(s). 


Because the serial port also consists of dynamic 
circuits, it is necessary to repeat the internal data 
transfers within a cycle period of 4 ms. During a vertical 
interlacing period of the display, it is always necessary 
to perform the internal data transfer prior to the 
beginning of display. 


Pointer Control Function 


As shown in figure 3, the serial readout port consists of 
the 256 x 4-bit data registers and the selector that 
serially selects and outputs their contents. Using such 
a design configuration, we made it possible to freely 
select the address of the data register from which to 


Figure 6. Internal Data Transfer Timing 
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start the readout after the completion of internal data 
transfer(s). We call this the pointer control function. 


In the timing example of figure 6, the column address N 
is specified by means of the CAS signal at the time of 
the internal data transfer. Its value determines the 
starting address of the data register. As shown in figure 
6, it is after the DT signal is restored to the higher level 
during the data transfer cycle that the data in row M 
column N is read out by the first SC clock. Using this 
function, itis relatively easy to accomplish the horizon- 
tal dot scrolls. 


A serial counter governs the pointer control function as 
shown in figure 3. This 8-bit counter counts the SC 
signals, and its output becomes the address of the 
selector, thereby serially selecting the contents of the 
data registers. By furnishing this counter with a control 
preset function and by assigning a predetermined 
value to it as the column address at the time of internal 
data transfer, we enabled it to perform the aforemen- 
tioned function of determining the starting address of 
the selected data register. Note that the serial address 
counter directly counts the SC signals and that its 
action is not designed to be stopped by means of a 
serial output enable SOE signal. 


Data Transfer Cycle 
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Write-per-Bit Function Timing 


The write-per-bit function is a new random access 
function by which any specific memory cell can be 
rewritten on a bit basis in one RAS cycle, even though 
its design is 4-bit based. 


Figure 7 shows the timing aspects of the write-per-bit 
function. During the falling phase of the RAS signal, if 
the WB/WE signal is high level, it is the ordinary access 
mode, the same as conventional memories. If the 
WB/WE signal level is kept low during the RAS signal 
falling phase, the access mode becomes the write-per- 
bit mode. In write-per-bit mode, to determine which of 
the 4-bit data terminals is to be write-enabled, mask 
data are input to the W;/IO; terminal during the RAS 
signal falling phase. When the level of the mask data is 
high, the terminal is write-enabled whereas when it is 
low the terminal is write-inhibited. 


The foregoing function was accomplished by furnishing 
one internal circuit to determine the level of the 
WB/WE signals during the RAS signal falling phase, 
and another to latch the determination as the mask 
data. This mask-data latch circuit is reset each time by 
means of the RAS clock. For this reason, itis necessary 
that the mask data be reset each time the RAS cycle 
takes place. In page mode, the mask data is set up in 
the very first RAS/CAS cycle when the mode shifts to 
page mode and the same value is retained so long as 
page mode continues. In page mode, it is not possible 
to update the mask data in each and every CAS cycle. 


New Functions and Performance at Low Cost 


When we set about developing the new memory chip, 
one important prerequisite was to keep the production 
cost as low as possible. Our market research revealed 
that no matter how outstanding the functions and 
performance, unless we keep the price at 1.2 to 1.5 
times that of the conventional standard 256K-bit RAM 
chips, the new chip would not be accepted by a large 
number of users. 


To achieve high access speed, there were efforts to 
bring in CMOS technology, which was already adopted 
in RAMs with static column mode.$ At present, however, 
we judged that the way to realize a low-cost memory 
chip is undisputedly that of NMOS circuits. Conse- 
quently, we opted to adopt directly the process tech- 
nology of NEC’s traditional standard 256K-bit dynamic 
RAMs (see table 2). Since we can use the existing 
production line without modification, productivity can 
be kept at the same level as standard dynamic RAMS. If 
process conditions were altered, they could bring 
about factors that would raise costs, such as an 
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increase in the number of masks or degradation in the 
flow of production lines. Against the background of 
such constraints, we realized the functions and per- 
formance of the new memory chip only by revising the 
design technology of the peripheral circuits while 
retaining the existing dynamic RAM as acore structure. 


Figure 7. Write-per-Bit Function Timing 
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Chip Layout 


The layout of the new memory chip is shown in figure 8. 
The rectangular circuit block at the left side was added 
for this chip. The remaining section is basically identical 
to the existing 64K x 4-bit dynamic RAM chip. It is 
characterized by a folding bit-line structure and its 
sense amplifier block was placed in the periphery. The 
row decoder, which selects bit lines, was placed in the 
center. The data registers, selector, and the serial I/O 
bus, which together compose the serial port, had to be 
placed close to the memory cell array. 


The |/O bus and the row decoder of the random access 
port must be connected to the pair of bit lines connect- 
ing to the sense amplifier. Moreover, the data registers 
and the selector of the serial port must also be 
connected. While giving design priority to the serial 
port, which operates at a high rate of speed, we placed 
the row decoder in the central part of the gate arrays, a 
little bit separated from the sense amplifier. The serial 
port’s circuits were placed in the outer rim of the gate 
arrays adjacent to the sense amplifier. Since the high- 
speed operating serial port becomes a major source of 
noise, by placing it at an outer rim we can expect to 
reduce the probability of transients. 


Since we cannot avoid an increase in the surface 
displacement of the chip, the restriction in packaging 
was particularly severe in the shorter sides of the chip 
package. To prevent an increase there, dimensions of 
the memory Cells in terms of the width and length ratio 
were slightly altered from that of conventional 64K x 


Figure 8. Layout of the Dual-Port Memory Chip 
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4-bit RAMs (6 x 10 um). The cell capacity remained the 
same. 


Data Registers 


Figure 9 illustrates the architecture of circuits from the 
data I/O terminal of the random port |/O; and the 
output terminal of the serial port SO; to the sense 
amplifiers. 


The two boxed-in sections indicate the data registers, 
which are connected to individual sense amplifiers. A 
set of 256 such circuits make up a serial output 
terminal. 


The bit-line signals, which were amplified by the sense 
amplifiers, are sent to the serial port and the random 
access port. The real-time data transfer was ac- 
complished by bypassing the data registers and 
providing the relay channel to send the signals amplified 
by the sense amplifiers directly to the serial output 
terminals. 


The functioning of the random port is similar to that of 
conventional dynamic RAMS. For the serial port, the 
data registers read in data from the memory cells 
during the internal data transfer cycle and they retain 
the data until the next data transfer cycle. Next, the 
output from the data registers becomes the input to the 
differential amplifiers attached individually to each 
register. The differential amplifiers are given the enable 
state by means of output signals from their selector, 
which then sends signals to the differential amplifiers 
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connected to the serial output terminal. A set of 256 
data registers and differential amplifiers is connected 
individually to each serial |/O bus depicted in figure 9. 
The output signals from the selector serially cause 
them to become enabled, hence causing the data to 
appear serially from the serial output terminal. 


As shown in figure 9, for the data registers we adopted 
differential amplifiers consisting of MOS transistor 
pairs. Because we minimized the burden capacity of 
each bit-line, which would increase when the data 
registers were connected, the operational tolerances 
of the sense amplifiers did not diminish. 


For the purpose of amplifying the contents of the data 
registers selected by the selector and to send them to 
the serial output terminal, static-type differential amp- 
lifiers were connected vertically. Since they operate at 
such a high speed as the maximum 25 MHz, no 
dynamic circuit can be used in this area. Hence the 
circuits used in the n-MOS static RAMs were adopted 
without modification. 


Figure 9. Data Register Circuits 
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The serial port, which operates at high speed, was 
placed in the periphery. 


Table 2. Processing Technology of the Dual-Port 


Memory 
Polycrystalline Si gate n-MOS process 
n-MOS channel length 1.7 um 
Thickness of gate oxide 
Memory cell area 16 nm* 
Peripheral area 40 nm 


n-MOS transistor capacitor 
60 um2 [6 x 10 um] 

4.94 x 11.03 mm 
Pre-charge level of bit-line Vcc 


Memory cell structure 
Memory cell area 


Chip dimensions 


Boosted level (higher than 
Voc 
Internally provided 


Word-line level 


Substrate bias generator 


*Converted in terms of SiOo. 
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Internal Data Transfer Cycle 


The area in figure 9 that required a significant amount 
of our efforts was the signal relay channel we built for 
the purpose of sending directly to the serial output 
ports the data ordinarily directed to the random port 
(see the right-hand side of the same figure). By 
bypassing the data registers, and thus taking the 
output from the sense amplifiers directly to the serial 
port, it became possible to accomplish the real-time 
data transfer. The internal data transfer begins with the 
start-up of the DT signal timing. To accomplish the 
real-time data transfer, the first data must be output 
within 10 ns of this DT start-up timing (figure 6). This 
Operation cannot be done by ordinary procedures 
using the data registers. For this reason, as illustrated 
in figure 9, we furnished bypass channels, which were 
designed to output only the start-up data after the 
completion of the internal data transfer. In the bus 
architecture, as compared to ordinary access cycles, 
the contents of the memory cells are amplified, and 
they can be determined by specifying the row and 
column addresses. Although the data output terminal 
onthe random port side is set to high-impedance mode 


Figure 10. 
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during internal data transfer, its operation is identical 
to the ordinary readout cycles until it reaches the 
output buffer phase. 


Figure 10 is a block diagram of the circuit to generate 
the timing signals for controlling the random port. The 
three asterisked blocks have been newly added. The 
DT/OE level comparator checks levels of the DT/OE 
signals at the time of the RAS ascent to determine 
whether the data transfer or ordinary cycle is being 
invoked. The DT timing generator creates the internal 
timing signals to be used for data transfer cycles. The 
mask register retains mask data for write-per-bit 
operation. 


Figure 11 shows timing of the main internal signals of 
the internal data transfer cycle. In order to invoke the 
data transfer cycle, first the DT/OE signals are kept ata 
low level prior to the falling RAS. Also it is necessary to 
keep the DT/OE signals at a low level for at least 90 ns 
after the falling RAS. 


The DT/OE level comparator circuit shown in figure 10 
detects that the DT/OE signal level is low during the 
falling RAS, and when the address buffer latches on the 


Block Diagram of the Timing Generator Circuit Controlling the Random Port 
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column address and settles its cycle action, the circuit 
emits the DT enable signal. Receiving this, the DT 
timing generator is enabled. In addition, the DT/OE 
level comparator controls the OE enable signals and 
hence turns the data output terminal of the random 
port into a high-impedance state. During this internal 


Figure 11. 


CAS 


Address 
Buffer 
Enable 


Precharge 
Bit Line 


Row Decode 
Enable 


Sense 
Enable 


Precharge 
1/0 Line 


Column 
Decode 
Enable 


1/O Amp. 
Enable 


| [Jk 


DT Enable 


1/O Data 
Latch 


Data Register 
Precharge 


Data Transfer 


Data Register 
Enable 


data transfer cycle, write-access to the random port 
becomes inhibited. 


To actually transfer the data internally, the three types 
of internal signals that operate on the data registers are 
put under control (figure 9). The timing mechanism 
pertaining to these signals is illustrated in figure 11. 


Timing of the Main Signals Involved in the Internal Data Transfer Cycle 
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First, a little before the signal to enable the I/O bus 
amplifier, which amplifies the signal level of the random 
port’s I/O bus, signals are sent to enable the data 
registers, leaving the data registers activated before- 
hand. After this, when the DT/OE signals are started 
up, the data register precharge signals and the data 
transfer signals are generated internally. This leads to 
intake of data by the data registers from the bit-lines. In 
this manner, the internal data transfer is carried out by 
means of the start-up timing of the DT/OE signals. 


In the meantime, to accomplish the real-time data 
transfer function, it is necessary to guide the start-up 
data after data transfer through the bypass circuit as 
shown in figure 9. This is controlled by the output data 
latch signal, timing of which is shown in figure 11. This 
signal is also generated by means of the start-up 
timing of DT/OE. Using this signal, the start-up data 
are supplemented when they are sent to the I/O bus 
data registers shown in figure 9. 


Figure 12. 
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Write-per-Bit Circuit 


Figure 12 shows a block diagram of the internal circuit 
that accomplishes the write-per-bit function. Its oper- 
ational principle is a simple one. If the WB/WE signal is 
at a low level at the time of the RAS descent, then the 
mask data registers are enabled and each of them 
latches its input signal W; according to its own timing. 
The output from each mask data register controls its 
own data input buffer and determines whether or not to 
take in the data at the next write timing. 


Initially, we were not thinking about this function. We 
assumed that the random port should be an identical 
design to that of conventional RAMs and proceeded 
with our overall design accordingly. However, when 
we queried our users, domestic and abroad, they 
asked that a write mask capability be provided. Since 
then we have received strong requests saying that in 
graphic application fields in particular this functionisa 
necessity. Hence, as our response we added this write- 
per-bit function. 
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Pointer Control Function 


Figure 13 is a block diagram of the internal circuit that 
accomplishes the pointer control function. Up to now, 
we have explained the serialized data output in terms 
of a combined functioning of the counter and a 
selector serially selecting the contents of the data 
registers. Functionally, this explanation is not wrong; 
however, in reality it is more contrived as shown in 
figure 13. 


As a matter of fact, no counter is used. The row address 
is latched to the data transfer cycle and then decoded. 
As a result, of the 256 drivers shown in figure 13, only 


one is enabled and the contents of the corresponding 
data register are sent out to the serial output terminal. 
The decoder of figure 13 no longer gets involved in the 
subsequent serial operations. When the SC clock 
signal is received, the 256 drivers get serially enabled in 
a ring-register fashion and send out the data serially. 


If a selector consists of a counter and a decoder, its 
power dissipation level gets high. This is because to 
operate the decoder at the maximum speed of 25 MHz, 
a static circuit must be adopted. Let us explain figure 
13 somewhat more in detail. First, in the internal data 
transfer cycle, the row address is taken into the 


Figure 13. Block Diagram of the Pointer Control Function 
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address register. Of the register outputs, A;-A7 get into 
the decoder, but Ag only sets up staging the flip-flop for 
the next register action cycle. The two drivers are 
paired as aset and the output from the decoder enables 
only one such pair. The output of the flip-flop (Ao’ and 
Ao’) further selects only one pair. 


The 256 drivers in figure 13 are joined together. When 
the SC clock signal is input, after selecting one driver 
using the decoder during the data transfer cycle, the 
drivers at the next level become enabled in a serially 
cascading manner. The Ao’ and Ao’ signals drive this 
mechanism. 


The flip-flopping output between Ao’ and Aq’ is control- 
led by the toggling operation of the falling SC clock. 


As seen in figure 13, the addresses of the drivers and 
those of the data registers are offset by one for each of 
their combinations. This is because to operate them at 
a high rate of speed, the action of the selector and the 
amplification of the serial data are pipelined. By doing 
it this way, it was possible to take the access time of the 
serial port down to 25 ns in actual measurement (see 
figure 14). 


The contents of the data register corresponding to an 
enabled driver appear in the serial port. For the 
purpose of accomplishing the pointer control function, 
the row address of the data transfer is input to enablea 
specific driver. Each of the drivers is connected 
together, serially enabled by the SC signals. 


As explained previously, the flip-flop action is accom- 
plished by the falling SC signals. As shown in figure 13, 
the output signal of the selector (that is, the driver’s 
Output in figure 13) stays more or less constant prior to 
start-up of the SC signal of the next cycle. In the circuit 
of figure 9, in the start-up timing of the SC signal, the 
differential amplifier attached to a particular data 


Figure 14. Measured Serial Output Port Access 
Time (Ta = 25°C) 
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register is already set up in enable state. As a result, the 
access time measured from the start-up timing of the 
SC signal includes only the operational time needed to 
amplify the signals from the serial output bus shown in 
figure 9. 


Going back to figure 9, let us examine the operations of 
the section that amplifies and outputs data from the 
serial output bus. For the serial bus, a transistor or 
balancer is used as in static RAMs. This transistor 
becomes on-state when the SC signal stays at a low 
level, hence short-circuiting the two bus-lines. In order 
to speedily amplify new signals, the bus-lines need to 
be electrically charged to the same voltage beforehand. 
Simultaneously with the start-up of the SC signal, this 
transistor becomes off-state and the contents of the 
data register selected by the selector get amplified. 


With regard to the switch to change over the readout 
channels, any one of the gates is “on” during the period 
the SC signal is at a high level. Both the SC/NM and 
SC/DT signals, which drive the switch, are the signals 
generated by the SC clock. The SC/DT signal is a 
signal consisting of only the SC pulse to access the 
beginning data after the internal data transfer. By 
contrast, the SC/NM signal consists of only those 
pulses taken from the SC clock that coincide with the 
SC/DT. This means that in ordinary serial cycles, the 
contents of the data registers are sent to the differential 
amplifiers in the beginning stage of the output buffer 
while the SC signals remain at a high level. It is only 
when the beginning data is accessed that the contents 
of the bypass channel are connected to the output 
terminal. In the differential amplifiers of the beginning 
stage of the output buffer, the SC signals, which are the 
inverted SC signals, are input as the enable signals. As 
a result, while the SC signals stay at a low level and all 
the changeover switches for the readout channels are 
“off,” the previously mentioned data are kept at the 
output terminal. 


Selector in the Pointer Control Function 


In the data transfer cycles, the selector circuit of figure 
13 reads in a new row address and activates the 
decoder circuit. For this reason, it takes longer than an 
ordinary selector operation. Even so, since we adopted 
the previously mentioned circuit design, we could 
leave some margin of tolerance in the selector’s oper- 
ation time during this phase. Because the internal 
serial |/O bus is shut off from the output terminal 
during this phase, unpredictable data cannot appear 
on the output terminal. 


The details of the selector, consisting of decoders and 
drivers, are in figure 15. The figure is an excerpt 
showing only a portion of the 128 decoders and 256 
drivers. 
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Figure 15. Selector Circuit Diagram 
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Let us start our explanation with operation of the 
internal data transfer cycle. Assume as given that the 
row address of this cycle causes the decoder (i) to be 
selected and that the least significant bit of the row 
address (Ao’) is at a high level (H). First, when the DT 
signal of the data transfer cycle restores to H, a pulse 
with positive polarity is generated as a reset signal. Asa 
result, Q7, Q13, etc. turn on and all the outputs are 
reset to a low level (L). After this, when a pulse with 
positive polarity is generated as the selector enabling 
signal, because the output from the decoder (i) is at H, 
node Dj; is charged via Q1 and becomes H. The 
remaining 127 nodes will not get charged, since their 
corresponding decoders are at L. At this time, since Ao’ 
is H, Q6 turns on and column 2i remains at L. In the 
meantime, since Ag’ is at L, Q12is off and column 2i+1 
becomes H. 


This means that immediately after the internal data 
transfer, only the output from driver 2i+1 becomes H. 
This amounts to the same operation explained in 
conjunction with figure 13. In figure 15, we added the 
signal levels at each of the locations during this phase. 
In this state, node Co;+, is at H. This is because Q2’ is 
on whereas Q3’ is off. All nodes of the other driver 
circuits corresponding to Coj+9 are at L. 


When the next SC clock signal is input from this state, 
column 2i+1 becomes L and column 2i+2 in turn 
should become H. When the SC clock is input, the 
flip-flop shown in figure 13 reverses and Ao’ of figure 15 
becomes L and Ao’ becomes H. As a result, Q12 turns 
on, the stray capacitance at node Ajj+1 is discharged, 
and column 2i+1 becomes L. In the meantime, Q5’ 
turns off and the stray capacitance charge at node 
Co\+2 goes through the OR circuit, charging node Ajj+0 
into H level and causing column 2i+2 to become H. 
Similarly, when the next SC clock signal is input, 
column 2i+2 gets into L level, and column 2i+3 
becomes H. Each time the SC clock signal is input and 
the flip-flop changes state, the output from the drivers 
changes into H in a chained series. 


CPU Access to the Frame Buffer 


In designing a frame buffer for graphic displays, the 
question of how to distribute the CPU access cycles 
and the data output cycles to the CRT becomes one of 
the keys in the system design. Typically, the conven- 
tional standard product or the single-port RAM is used. 
To avoid display flickers, we must resort to either the 
method of allowing the CPU access only during the 
blanking period, or the so-called cycle-stealing method. 
Either one of them brings about limitations in the 
access efficiency for the CPU. In many systems this 
constituted the bottleneck and the speed of refreshing 
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the display data could not be increased. Moreover, 
timing their peripheral circuits would become complex. 


If our dual-port memory is used, it becomes possible to 
allow the CPU random access while display data are 
being output to the CRT. And the operational efficiency 
of the CPU is freed from the restriction of the frame 
buffer(s). Not only does the system design get sim- 
plified, but also, even when the display specifications 
are changed, it is possible for the memory’s peripheral 
circuits to respond to the changes more easily. 


There is a broad range of applications for the dual-port 
memory. It can be used as a general-purpose product 
for frame buffers ranging from low-resolution to high- 
resolution displays. Let us introduce here three kinds 
of systems utilizing this memory. First, we will describe 
in detail a system with a display of 320 x 200 pixels. 
Next, we will introduce a section that will become the 
key to assembling frame buffers for a 640 x 456 pixel 
display using one of NEC’s graphic display controllers. 
Finally, we will describe a technique to be applied toa 
high-resolution display of 1280 x 1024 pixels. 


A 320 x 200 Pixel Graphic Display System 


Our first example is a demonstration circuit applied to 
a 320 x 200 pixel color graphic display system. Using 
the dual-port memory as the frame buffer, we created a 
board to directly connect to the RGB input terminal of 
the color display for NEC’s PC-8001A personal 
computer. 


Figure 16. Specifications of the 320 x 200 Pixel Graphic 
Display 
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Figure 16 shows the display specification of the 
PC-8001A. Since the horizontal display period is 
44.7 us, in order to display 320 pixels on one scan line, 
the pixel rate is 139.7 ns. 


In the demonstration circuit design, the frame buffer to 
match such a display specification called for the map- 
ping scheme shown in figure 17. For each correspond- 
ing RGB plane, a data bus for the 8-bit based CPU was 
provided. This means that in one CPU cycle, 2 bits are 
accessed in each RGB plane. 


Forthe memory capacity of the frame buffer, 320 pixels 
x 200 pixels x 3 planes means 24,000 bytes are 
required. If the real-time data transfer function of the 
dual-port memory is used, the frame buffer can be 
contained within this minimum memory capacity. How- 
ever, in our current configuration, we came up with the 
mapping scheme shown in figure 17B. That is, we used 
two dual-port memories and the high-order 4 bits and 
low-order 4 bits of the CPU data bus were connected to 
the respective random ports. Then, we corresponded 
each horizontal scanning beam to arow of the memory. 
This resulted in an unused residue of memories as 
shown in figure 17B. 


It should be noted that the main emphasis of this experi- 
mental assembly was to verify the faster refresh speed 
of the displayed data. For this reason, our design 
specification was to make the internal data transfer 
take place only during the horizontal blanking periods 
and allowed the memory usage efficiency to stay less 
than optimum. Nevertheless, the 14K bytes of unused 
memory cells (worth 56 rows) were effectively utilized 
as part of the program area to be used by the CPU. 


Block Diagram. Figure 18 is a block diagram of the 
demonstration circuit. For the PC-8001A color display, 
the horizontal sync signal (HSYNC) and the vertical 
sync signal (VSYNC) are synchronized with the RGB 
video output signals. Without receiving any external 
restrictions, the CPU (Z80A) executes the program 
written in the PROM. 


Although a CRT controller (6845) was used, it was 
merely a generator of the horizontal sync, vertical 
sync, and blanking signals. The timing generator and 
controller at the lower left side of figure 18 was made 
out of a standard TTL-type IC. The address output 
from the controller becomes the row address used by 
the dual-port memory when it internally transfers data. 
This address and the address sent from the CPU are 
multiplexed and applied to the address input of the 
dual-port memory, which is the frame buffer. The 
multiplexer also performs the time-slice selection for 
row and column addresses. 


uPD41264 


The frame buffer in figure 17 consists of two 256K-bit 
dual-port memories. The setup makes it possible to 
connect their random-access ports directly to the data 
bus of the CPU. If a single-port memory were used, a 
cumbersome switching circuit would be needed. The 
output from the frame buffer goes into three 2-bit 
parallel-serial converter circuits, one for each of the 
RGB planes, and their outputs become the video 
signals. For refreshing the dual-port memories, the 
CAS-before-RAS refresh was used. This refresh is 
executed during a CPU’s instruction fetch cycle. 


From the display specification of figure 16, the PIXEL 
clock that operates the parallel-serial converter circuit 
is 7.16 MHz. From this we can determine the frequency 
of the SC clock, which operates the serial port of the 
dual-port memory, to be 3.58 MHz. The frequency of 
the clock used in the 6845 CRT controller is identical. 
However, the timing control circuit controls the SC 
clock in such a way that it is stopped during the 
blanking period. Although there is a residual moment 


Figure 17. Memory Mapping Scheme 
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of time left during the blanking period, between com- 
pletion of internal data transfer by the dual-port 
memory and the beginning of the display, this is 
because the serial port is stopped during that time 
span. For the purpose of generating the foregoing 
clocking signals, a 14.318-MHz quartz oscillator was 
used. One advantage of a system using the dual-port 
memory is the ability to select the CPU clock in- 
dependent of the display specifications. However, to 
keep the circuit simple, we chose the CPU clock also to 
be at 3.58 MHz. 


Connection Diagram. A detailed connection diagram 
of our demonstration system and a photograph of its 
board are shown in figures 19 and 20. In addition to the 
CPU (Z80A), the CRT controller (6845), the PROM 
(27128), the two dual-port memories (41264s), the 
assembled unit included 25 standard TTL-type !Cs. 
Table 3 summarizes the value settings given to the 
internal registers of the CRT controller. Following isa 
brief explanation for operation of the circuit shown in 
figure 19. 


As can be surmised from figure 19, the timing control 
block of figure 18 is divided largely into four circuits: 
clock signal generator, DT/OE signal generator, SC 
clock generator, and address generation counter for 
data transfer. 


Of these, the clock signal generator produces the clock 
signals needed by each of the others from a 14.318- 
MHz original clock oscillator. It provides 3.58-MHz 
clock signals to the CPU, the CRT controller, and the 
SC clock generator, while it outputs the 7.17-MHz 
PIXEL clock signals to the parallel-serial converter 
circuit. The RAS and CAS signals of the dual-port 
memory are also generated by this circuit. The RAS 
signal is created by adding the MREQ signal from the 
CPU and the DT signal from the DT/OE signal generator. 
To create the CAS timing of the CAS-before-RAS 
refresh, the M1 signal from the CPU is also input. The 
selection signal for the multiplexer circuit to select the 
row and column addresses in a time-sliced fashion is 
also generated by means ofthis circuit (i.e., the A input 
for each multiplexer IC). 


Figure 18. Block Diagram of the Circuit for a 320 x 200 Pixel Graphic Display 
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Figure 19. Connection Diagram of the 320 x 200 Pixel Graphic Display 
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With regard to the generator circuit of the SC clock,the Table 3. Value Settings of CRT Controller (6845) 
3.58-MHz clock signal from the clock generator circuit Internal Registers 
is controlled so that it is kept at a low level during the 


blanking period, andthenissentouttotheframe buffer  Fesister —_—Register 


: : ; Number Name Setting Spec. Set Value 

and the parallel-serial converter circuit. Setter a TT 
RO Number of all 224 characters/1H 223=DFH 

For the circuit of our discussion here, to prevent the horizontal 

CPU from having access to the internal data transfer characters 

cycle of the dual-port memory, we adopted a method of R1 Number of horizontally 160 characters 160 = AOH 

inputting the BUSRQ signals to the CPU prior to each displayed characters 

cycle. The DT/OE signal generator circuit of figure 19 —R2 Horizontally synchro- 180 characters 180 = 1B4H 

produces this signal. nous positions 

The BUSRQ signal was produced from the HSYNC R3 Width of horizontally 15 characters 15 = OFH 

signal generated by the CRT controller. When this ___——S¥ehronous pulses 

signal is input into the CPU, the CPU returns the 4 Number of all 128 rows/1V 127 = 7FH 

BUSAK signal. The DT/OE signal generator receives vertical characters 

this signal and generates the DT signal that controls —R5 Total raster adjust 4 scan lines 4=04H 

the internal data transfer. horizontal characters 

The DT signal and the OE signal of the CPU access ne dae Wirows neu 

cycle are switched around by the selector in the final ERE 
R7 Vertically synchro- 108 rows 108 = 6CH 


stage, and hence the DT/OE input signal of the dual- 


; nous positions 
port memory is created. 


R8 Interlace mode Non-interlaced 0 =00H 

R9 Maximum raster 2 scan lines 1 = 01H 
address 

R10-R17 0 = 00H 


Figure 20. Photograph of the 320 x 200 Pixel Graphic Display System Board 


256K Dual-Port Memory 


Reeve un enanane 
Te IH HD 
y “a a aa 

MR ne Bie, Zs 

Nae So See es ee, 


ranean whe RB 
f - ° 3 
yt mw 


GPIB IS TE I i iy 


Pe 


te 


RRB RRR RB 
RRA DRM RM ® 
: ‘ ta 
he Gee ee te we 

ig ADS 


Pre a re 
ae 


& 

& 

od 

a 
Wak 

e 

eB 

¥ 


Cae ee ae 


= 


Ch 
 #e yo) : 
y 

ie 

Ny 


ee en RM 
Ee 
BREESE & 


Oe, SOE 8 


CEEEEEES 
eh 


PaRaaEE 


3-78 


NEC 


uPD41264 


The row address generator counter for data transfer 
creates the row address for internal data transfer of the 
dual-port memory shown in figure 19. In this experi- 
ment, the row address of the memory was made to 
correspond toa horizontal scanning line of the display 
on a one-to-one basis and the data transfer cycle is 
executed during the horizontal blanking period. For 
this reason, the circuit of this section was simplified. 


Figure 21. CPU Access Efficiency 
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Figure 22. Draw-Wait Function Timing Diagram 
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The address generator circuit for the data transfer 
counts the blanking signal DE, which is output from the 
CRT controller. The row address counters are cleared 
by VSYNC and their outputs sent to the multiplexer. 


The multiplexer circuit of figure 19 selects the address 
of the dual-port memory. There are two functions 
involved. One is the function to select the row and 
column addresses in a time-sliced fashion. In this case, 
the function is controlled by an output from the clock 
signal generator circuit to the selection A input of the 
multiplexer |Cs. The other function selects the CPU’s 
address bus during ordinary CPU access cycles, but 
selects the transfer address during internal data transfer 
cycles. As we explained previously in connection with 
the DT/OE signal generator circuit, the BUSAK signal 
from the CPU controls this function via the selection B 
input to the multiplexer ICs. It should be noted that the 
multiplexer C1 inputs, which become the row address 
in internal data transfer cycles, are always low level in 
the demonstration circuit. If an output port is added to 
allow the CPU to control C1, itshould become a simple 
task to accomplish the horizontal dot scrolling function. 


Even with our demonstration circuit, in which we tried 
to keep the peripheral circuits as simple as possible, we 
could achieve an efficiency of 93.3 percent (figure 
21A). If the real-time data transfer function is used 
effectively, it is possible to make the efficiency 98.28 
percent (figure 21B). 


If a signal as shown in figure 22 is input to the Draw- 
Wait terminal, the next cycle always becomes a display 
cycle. Even when the GDC is executing a graphic 
drawing cycle and updating the contents of the frame 
buffers, so long as such a signal is input from the 
outside, it is possible to force an interrupt in the access 
to frame buffers. Subsequently, the dual-port memory 
can execute the internal data transfer in the next cycle. 
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Access Efficiency. Let us calculate the efficiency with 
which the CPU accesses the frame buffers in our 
demonstration circuit. AS shown in figure 21A, the 
circuit always executes one data transfer cycle during 
one horizontal scanning period, including the vertical 
blanking period. From the figure we derive that the time 
ratio forthe CPU to access the frame buffers is 93.30%. 
This value cannot be attained by means of a conven- 
tional single-port RAM. 


If we can effectively use the real-time data transfer 
function, this value can be made even higher. As shown 
in figure 21B, if one row of the dual-port memory is 
corresponded to a display without waste, it is possible 
to reduce the number of data transfers for each frame 
to 125. If the circuit is designed so that the amount of 
time required for one cycle of data transfer is eight 
times that of the SC clock cycle, then using the 
calculation technique shown in figure 21B, the ef- 
ficiency of the CPU access becomes 98.28%. 


640 x 456 Pixel Graphic Display System 


Next, we shall introduce an application example of a 
medium resolution system with 640 x 456 pixel display 
capability. For this we used an improved version of 
NEC’s graphic display controller (GDC), uwPD7220A. 14 


Draw-Wait. The improved version of the GDC was 
made into a product before the dual-port memory, but 
their development periods overlapped. For this reason, 
we could at least incorporate one function into the 
improved version of the GDC that would work in 
concert with the dual-port memory. This function is the 
Draw-Wait function. We provided a terminal (Draw- 
Wait) for temporarily halting externally the graphic 
drawing function of the GDC during its execution. In 
order to prevent an increase in the number of terminal 
ends, we piggy-backed this function with the existing 
light-pen input terminal. When the GDC is initialized, it 
is possible to decide whether this terminal is to be used 
for the light-pen input or the Draw-Wait input. 


Referring to figure 22, when the terminal is used for the 
Draw-Wait input, an external signal is generated thatis 
insync with the GDC clock cycle and able to remain at 
a high level during at least four clock cycles. When the 
signal goes low, the GDC operates in a display cycle. 
This means that when the GDC executes a graphic 
drawing cycle and is updating the contents of the 
frame buffers, if an external signal is sent to the GDC 
(figure 22), in the next cycle the GDC halts the 
operation to update the frame buffers. It is possible to 
utilize this timing for the internal data transfer of the 
dual-port memory. In such an instance, it is also pos- 
sible to utilize the display address output from the GDC 
as the pointer control address. 
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Flashing/Flashless Drawing Modes. Before we intro- 
duce the application example that combines the GDC 
and the dual-port memory, a brief explanation is in 
order for the graphic drawing mode of the GDC. The 
graphic drawing mode is divided into flashing mode 
and flashless mode. The flashless mode allows the 
graphic drawing action of the GDC only during the 
blanking period, whereas in the flashing mode graphic 
drawing can be performed even during display. Al- 
though the speed for screen display update increases 
in the flashing mode, in circuits using existing single- 
port RAMs as their frame buffers, the display is bound 
to incur flickering (flashing). 


If the dual-port memory is used for the frame buffers, 
even when the GDC is in the flashing mode, there is no 
flickering in the display. It becomes possible to bring 
the drawing efficiency of the GDC close to 100 percent 
while keeping the display from being corrupted by 
flickers. 


Graphic Drawing Speed. With an improved version of 
the GDC asthe controller, and acircuit corresponding 
to a 640 x 456 pixel display, we examined the effect of 
improvements in aspects such as graphic drawing 
speed. The specifications of our demonstration board 
made it interchangeable with NEC’s graphic memory 
board N5200 Model 05 (APC). 


The N5200 Model 05 (APC) uses a 64K x 1-bit single- 
port RAM (uPD4164). By combining 16 such chips into 
a plane, and by internally assembling three planes, we 
made it possible to produce eight different colors at a 
time. Since the memory capacity of one plane is 1 
megabit, the display area consisting of 640 x 456 pixels 
is extracted from the plane and displayed. When the 
dual-port memory is used in aconfiguration, its design 
architecture results in the diagram in figure 23. There, 
one plane consists of four chips. The random port can 
be directly connected to the GDC’s bus. The serial port 
can be directly connected to the parallel-serial conver- 
ter circuit. The DT/OE, SC, and SOE signals that 
control the dual-port memory are generated by a 
control circuit. 


For the parallel-to-serial converter circuits, we managed 
with an 8-bit circuit for each plane. This was ac- 
complished by dividing the memory chips composing 
a plane into two groups, and then flip-flopping the 
serial output enable signal SOE as the input to each 
group. If four kinds of SOE signals, each offset in phase 
by 45 degrees were generated, it would also be possible 
to make the parallel-to-serial conversion circuit as a 
4-bit circuit. 
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Since the frame buffer for each plane consists of four 
chips, it is possible to store 4,096 bits (256 x 4 x 4) of 
data in the data registers within one cycle of internal 
data transfer. If memory and display were matched in 
such a way that all data in the data registers is sent to 
the CRT as display data, because there are 640 horizon- 
tal pixels, internal data transfer would need to be per- 
formed at an approximate rate of once per 6.4 scanning 
lines. 
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For the purpose of externally interrupting the graphic 
drawing operation during the period of internal data 
transfer of the dual-port memory, we used the Draw- 
Wait function of the GDC. The GDC is an improved 
version and operated in flashing mode. 


The GDC is capable of independently establishing the 
virtual width of the display memory and the number of 
display pixels during one horizontal scanning period 


Figure 23. Block Diagram of the 640 x 256 Pixel Graphic Display 
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on the basis of the number of characters. There are two 
different cases for our consideration. In the first case, 
width of the memory is made larger than the number of 
horizontally displayed pixels. If this is done, horizontal 
scrolling becomes possible only by offsetting the 
addresses for the memory readout. Only the parts to be 
displayed are sent to the CRT from the contents of the 
data registers while the data transfer needs to be done 
each time a horizontal blanking period comes around. 


In the second case, the width of the memory is matched 
against the number of horizontal pixels. This allows all 
data stored in the data registers to be sent to the CRT 
as display data. During horizontal blanking periods, 
the SC clock is halted, and hence the data output is 
halted. Timing signals will also be generated to continue 
internal data transfer during the display period. 


By connecting the demonstration board to the N5200, 
we examined the results of improvement. In the N5200 
Model 05 (APC), we used an 8086 microprocessor as 


Figure 24. Comparison of Graphic Drawing Times 
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the CPU, with the operating speed set at 5 MHz. Here, 
the GDC was operated in the flashless mode with a 
2.5-MHz clock. Since the demonstration circuit operates 
the GDC in flashing mode, it is possible to update the 
contents of the frame buffers at a speed approximately 
four times as fast. Moreover, we set the GDC’s clock at 
5 MHz. Considering all these factors, the update speed 
in our demonstration circuit should be approximately 
eight times as fast as in traditional circuits. 


Figure 24 compares processing time of asystem using 
the existing N5200 and one using our demonstration 
circuit. Software to display simple lines, characters, 
and circles is based on graphic software GSX from 
Digital Research Inc. As shown in figure 24, the results 
reduced the total amount of time to only one-half orso. 
But this is because the CPU processing time for other 
than accesses to the frame buffers is very long. If we 
separate graphic drawing time from other processing 
time, the drawing time was shortened to between 1/6 
and 1/8. 
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1280 x 1024 Pixel Graphic Display System 


Finally, as an application in high-resolution display, we 
introduce an example of assembling the frame buffers 
corresponding to 1280 x 1024 pixel displays. 


In this case, one plane consists of five packets of the 
dual-port memory. In order to assemble the buffer 
memory for four planes, 20 packets of the dual-port 
memory were used and they were divided into five 
banks, from the CPU's view. Figure 25 shows this. 


For the 1280 x 1024 pixel display, it is necessary to send 
the display data at a cycle time of about 9.3 ns foreach 
pixel. This means that the clock frequency cycle will be 
107 MHz. In the example of figure 25, this data output 
requirement was accomplished by means of a 4-bit 
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parallel-serial converter circuit for each plane. The 
ENo-EN, symbols signify the enable signals of a 186-ns 
period, each with a phase offset. Using these signals, 
the serial port of each bank is enabled serially, hence 
loading the data in the 4-bit parallel-serial converter 
circuits. Since the serialization cycle time of the dual- 
port memory is 40 ns minimum, this leaves room for 
tolerances of other related timings. This is not the case 
with the traditional single-port RAMs. 


In this design, it is possible to assemble the buffer 
memories for four planes. The parallel-to-serial con- 
verter circuits for the high-speed output of data into the 
display can be accomplished by a 4-bit circuit for each 
plane. 


Figure 25. Frame Buffer for a 1280 x 1024 Pixel Graphic Display 
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Number of Product Types Will Increase 


The new dual-port memory resolves almost all the 
problems that graphic systems designers have faced 
for many years. We are convinced that the three 
functions—real-time data transfer, pointer control, 
and write-per-bit—will become standard for any dual- 
port memory in first-generation frame buffers.§ 


Since the initial announcement, we have received 
much feedback from users. We have requests for even 
newer design specifications pertaining to power con- 
sumption, packaging, new functions, and so on. 


The serial port we introduced this time adopted a static 
circuit. There is no denying that its power consumption 
level is high. In order to reduce this level, itis necessary 
for us to investigate new circuit technologies or intro- 
duction of the CMOS process. 


The package for this product is 400 mils (10.2 mm) 
wide, which makes it large in comparison with tra- 
ditional RAMs. Some users expressed their strong 
desire for a 300-mil (7.6-mm) package. For this we 
would need to investigate ways to introduce the pro- 
cessing technology used in the 1-megabit dynamic 
RAM, which will appear in the near future as a com- 
mercial product, and to make the packaging smaller. 
The idea of containing it within a PLCC is also one of 
our subjects for future investigation. 
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As new functions, we can name the serial input 
function as the first. This makes it possible to directly 
input signals from TV cameras and scanners. We can 
also think of its applications in the communications 
field. We encountered a considerable number of re- 
quests stating that even without the serial input cap- 
ability, a function to simply transfer additional data 
internally from the data registers to the memory cell 
array is needed. This would make it possible to clear 
the memory quickly. It appears in the CAD/CAM field 
that this function will be a required feature. It should be 
noted that for the purpose of merely clearing the 
memory quickly, there are other techniques that should 
also be considered. In addition, we can think of 
incorporating into the chip the logical and arithmetic 
functions for data. In the current trend in graphic 
processing, the so-called raster operation function ap- 
pears to be becoming standard. The arithmetic function 
we refer to corresponds to this trend. 


It is imminent that 1-megabit dynamic RAMs will be 
introduced as commercial products. It should be in 
1985 when each firm will introduce samples. This may 
spur diversification in the types of memory products. 
Not only in x4-bit configuration, but also in x8-bit and 
x16-bit configurations, we will see commercialization 
of the dual-port memory. For the purpose of increasing 
the speed of random access ports, there should be 
attempts made to adopt static column and/or ripple 
modes in such products. 
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MC-411000A1 1,048,576 x 1-Bit Dynamic NUOS RAM Module 


NV EC MC-41256A4 

. 262,144 x 4-BIT 
NEC Electronics Inc. DYNAMIC NMOS RAM MODULE 
PRELIMINARY INFORMATON 


Description Pin Configuration 


The MC-41256A4 is a 262,144-word by 4-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 


The MC-41256A4 operates like four wPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of Ao-A7 
during a 4 ms period. 


22-Pin SIMM, MC-41256A4A 
(Glass-epoxy Substrate) 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
four uwPD41256s in PLCC packages and two power 
supply decoupling capacitors. 


SIMM is a trade mark of Wang Laboratories. 


to 
1 4 
io 
Eo aral 
| 
| | 
| | 
Ld 


Features 


CL) 262,144-word by 4-bit organization 83-003519A 
L) Single +5 V + 10% power supply 


CO) Standard 22-pin Single Inline Memory Module 22-Pin SIMM, MC-41256A4C 


(SIMM) package 
LJ Incorporates four 256K dynamic RAMs in high- (Ceramic Substrate) 


density PLCC packaging (uPD41256L) 
CL) Includes power supply decoupling capacitors 
CL) Low power dissipation: 110 mW standby (max) 
LJ TTL-compatible I/O 
CL) 256 refresh cycles (Ag-A7 are refresh address pins) 
CL) Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 
MC-41256A4-12 120 ns 220 ns 120 ns 
MC-41256A4-15 150 ns 260 ns 145 ns 
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Pin Identification 


No. 

1, 6-8, 12-14, 17, 18 
2 

3, 9, 16, 20 

4, 10, 15, 21 

5 

11 

19 

22 


Block Diagram 


Function 
Address inputs 
Power supply (+5.0 V) 
Data inputs 
Data outputs 
Column address strobe 
Write enable 
Row address strobe 
Ground 
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Absolute Maximum Ratings 


Voltage on any pin relative to GND —1.0 to +7.0V 
Operating temperature, Topp, ambient 0 to +70°C 
Storage temperature, TsTg —55 10 + 95°C 
Short circuit output current, los 50 mA 
Power dissipation, Pp 4.0 W 


Comment: Exposing the device to stresses above those listed in 


Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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MC-41256A4 

Capacitance 
Ta = 0 to +70°C, Voc = 5.0 V + 10%, f = 1 MHz 

Limits Test 
Parameter Symbol Min’ ”—«<~TYps isti<‘i‘i«<CMx:SCSC*” Unit Conditions 
Input capacitance Cia 40 pF Ao-Ag 
Input capacitance Cir 50 pF RAS, WE 
Input capacitance Cic 50 pF CAS 
Input/output capacitance Coa 1 pF D+-D4, Q1-Q4 (Note 1) 
Note: 
(1) CAS = Vix to disable Doyt 
DC Characteristics 
Ta = 0 to +70°C; Vog = 5 V 10%, GND =0V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Vec 45 5.0 5.5 V 
Input high voltage Vin 2.4 9.9 V 
Input low voltage VIL =1,0 0.8 V 
Standby current loco 20.0 mA RAS = Vin, Doyt = High-Z 
Input leakage current lit —40 40 uA For Ag-Ag, RAS, CAS, WE: 

Vin = 0 to 5.5 V; other pins =0 V 
Data input leakage current liL(D) 10 10 HA For Dy-D4; Vin = 0 to 5.5 V; 
other pins =0V 
Output leakage current lol —i0 10 BA Doyt disabled, Voyt = 0 to 5.5 V 
Output low voltage VoL 0 0.4 V lout = 4.2 mA 
Output high voltage VoH 2.4 Voc V lour =—9 mA 
AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V +10% 
MG-41256A4-12 MG-41256A4-15 Test 

Parameter Symbol Min Max Min Max Unit ‘ Conditions 
Operating current, average lect 332 280 mA RAS, CAS cycling, tac = tac min (Note 5) 
Operating current, loc3 260 212 mA RAS cycling, CAS = Vin, tac = tac min 
refresh mode, average (Note 5) 
Operating current, loca 180 140 mA RAS = Vj, CAS cycling, tpc = tpc min 
page mode, average (Note 5) 
Operating current, CAS before ccs 270 225 mA RAS cycling, CAS = Vi, tac = tac min 
RAS refresh mode, average (Note 5) 
Random read or tac 220 260 ns (Note 6) 
write cycle time 
Read-write cycle time trwc 265 310 ns (Note 6) 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period tREF 4 4 ms 
Access time from RAS tRAC 120 150 ns (Notes 7, 8) 
Access time from CAS tcac 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) tT 3 50 3 50 ns (Note 4) 
RAS precharge time trp 90 100 ns 
RAS pulse width tras 120 10000 150 10000 ns 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Voo = 5.0 V 10% 


MC-41256A4-12 MC-41256A4-15 Test 

Parameter Symbol Min Max Min Max Unit Conditions 
RAS hold time tasH 60 75 ns 
CAS pulse width tcas 60 10000 75 10000 ns 
CAS hold time tosH 120 150 ns 
RAS to CAS delay time trcp 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time tcrP 10 10 ns (Note 12) 
CAS prechargetime ~~ ‘tpn ~=SOHSC=<“C*‘“‘CS;C;C;O*#USSOSOSOOOUMS 
(non-page mode) 
CAS precharge time top 50 60 ns 
(page mode) 
RAS precharge CAS hold time trpc 0 0 ns 

Row address setup time tasR 0 0 ns 

Row address hold time tRAH 15 15 ns 
Column address setup time tasc 0 0 ns 
Column address hold time tcaH 20 25 ns 
Column address hold time tar 80 100 ns 

referenced to RAS 

Read command setup time trcs 0 0 ns 

Read command hold time referenced tRRH 20 20 ns (Note 13) 
to RA 

Read command hold __ trcH 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold time tWCH 30 40 ns 
Write command hold time referenced twcor 90 118 ns 
to RAS 
Write command pulse width twp 20 25 ns 
Write command to RAS lead time tRWL 40 45 ns 
Write command to CAS lead time tcwL 40 45 ns 

Data-in setup time tos 0 0 ns (Note 14) _ 
Data-in hold time tpH 30 40 ns (Note 14) 
Data-in hold time referenced to RAS toHR 90 115 ns 
Write command setup time twcs 0 0 ns (Note 15) 
CAS to WE delay towo 60 75 ns (Note 15) 
RAS to WE delay trwo 120 150 ns (Note 15) 
CAS setup time for CAS before RAS tosp 10 10 ns (Note 16) 
refresh 
CAS hold time for CAS before RAS tcHR 30 30 ns (Note 16) 
refresh 
Note 

1) All voltages referenced to GND. 


An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 
AC measurements assume tr = 5 ns. 


) 
) 
4) Vin (min) and V\_ (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj, and Vj,. 
) lect: lees: loc4, and Ioos depend on output loading and cycle rates. Specified values were obtained with the output open. 

) 


The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load =2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Vo, = 0.8 V). 
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AC Characteristics (cont) 
Note [con]: 


(8) Assumes that tacp = trcp (max). If tacp is greater than the maximum recommended value in this table, trac increases by the amount 
that tacp exceeds the value shown. 


(9) Assumes that trop = trcp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo. 


(11) Operation within the trop (max) limit assures that trac (max) can be met. trop (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by tcac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tray Or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos, tcwp, 4nd trwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos = twcs (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If tewp = tewp (Min) and tawp 2 trwp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, 
the condition of the data out (at access time and until CAS returns to Vj) is indeterminate. 


(16) CAS before RAS operation is specified. 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


MC-41256A5 
262,144 x 5-BIT 
DYNAMIC NMOS RAM MODULE 


Description 


The MC-41256A5 is a 262,144-word by 5-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 


The MC-41256A5 operates like five vPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of Ag-A7 
during a 4 ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
five uwPD41256s in PLCC packages and two power 
supply decoupling capacitors. 


SIMM is a trade mark of Wang Laboratories. 


Features 


CL) 262,144-word by 5-bit organization 

LJ Single +5 V + 10% power supply 

L) Standard 24-pin Single Inline Memory Module 
(SIMM) package 

CL) Incorporates five 256K dynamic RAMs in high- 
density PLCC packaging (uPD41256L) 

L) Includes power supply decoupling capacitors 

L) Low power dissipation: 138 mW standby (max) 

L]) TTL-compatible I/O 

CL) 256 refresh cycles (Ap-A7 are refresh address pins) 

LCL) Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 
MC-41256A5-12 120 ns 220 ns 120 ns 
MC-41256A5-15 150 ns 260 ns 145 ns 


Pin Configuration 
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Pin Identification 


No. Symbol Function 

1, 6-8, 12-14, 17, 18 Ao-Ag Address inputs 

2 Vec Power supply (+5.0 V) 
3, 9, 16, 20, 23 D4-Ds Data inputs 

4, 10, 15, 21, 24 Q;-05 Data outputs 

5 CAS Column address strobe 
11 WE Write enable 

19 RAS Row address strobe 

22 GND Ground 


4-9 


MC-41256A5 


Block Diagram 
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Absolute Maximum Ratings 


Operating temperature, Topp, ambient 0 to +70°C 
Storage temperature, TsTg —55 to + 85°C 
Short circuit output current, los 50 mA 
Power dissipation, Pp 5.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 0 to +70°C, Vocg = 5.0 V + 10%, f = 1 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cia 45 pF Ag-Ag 
Input capacitance Cir 55 pF RAS, WE 
Input capacitance Cic 55 pF CAS 
Input/output capacitance Cog 18 pF D4-Ds, Q4-Q5 (Note 1) 
Note: 
(1) CAS = Viy to disable Doyt 
DC Characteristics 
Ta = 0 to +70°C; Veg = 5 V 10%, GND =0V 

Limits Test 
Parameter Symbol Min ~——sdTyp)—s—i‘éCMx:—C™ Unit Conditions 
Supply voltage Vec 45 5.0 5.5 V 
Input high voltage Vin 2.4 9.9 V 
Input low voltage ViL —1.0 0.8 V 
Standby current loco 25.0 mA RAS = Vin, Doyt = High-Z 
Input leakage current lit —50 50 yA For Ag-Ag, RAS, CAS, WE; 

Vin = 0 to 5.5 V; other pins = 0 V 
Data input leakage current lL(D) —10 10 uA For D4-Ds; vIn 0 to 5.5 V; 
other pins =0V 

Output leakage current loL =10 10 uA Dout disabled, Voyt = 0 to 5.5 V 
Output low voltage VoL 0 0.4 V lout = 4.2 mA 
Output high voltage VoH 2.4 Voc V lout =—5 mA 


MC-41256A5 


AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V 10% 


MC-41256A5-12 


Parameter Symbol Min Max 
Operating current, average Icct 415 
Operating current, Icc3 325 
refresh mode, average 

Operating current, loc4 225 
page mode, average 

Operating current, CAS before —Iccs 340 
RAS refresh mode, average 

Random read or trc 220 

write cycle time 

Read-write cycle time trwc 265 

Page mode cycle time tpc 120 

Refresh period treEF 4 
Access time from RAS tRAC 120 
Access time from CAS tcac 60 
Output buffer turn-off delay torr 0 30 
Transition time (rise and fall) ty 2 50 
RAS precharge time trp 90 

RAS pulse width tras 120 10000 
RAS hold time trsH 60 

CAS pulse width tcas 60 10000 
CAS hold time tcsH 120 

RAS to CAS delay time trcp 5 60 
CAS to RAS precharge time tcrP 10 

CAS precharge time tcpn 25 

(non-page mode) 

CAS precharge time tcp 50 

(page mode) 

RAS precharge CAS hold time _tapc 0 

Row address setup time tasR 0 

Row address hold time tRAH 18 

Column address setup time tasc 0 

Column address hold time tCAH 20 

Column address hold time tar 80 

referenced to RAS 

Read command setup time tres 0 

Read command hold time trRH 20 

referenced to RAS 

Read command hold _ tRCH 0 

time referenced to CAS 

Write command hold time twcH 30 

Write command hold time twcr 90 

referenced to RAS 

Write command pulse width twp 20 

Write command to RAS tRWL 40 

lead time 


MC-41256A5-15 
Min Max 
350 
265 
175 
280 
260 
310 
145 
4 
150 
75 
0 35 
3 50 
100 
150 10000 
75 
75 10000 
150 
25 75 
10 
25 
60 
0 
0 
15 
0 
25 
100 
0 
20 
0 
40 
115 
P43) 
45 


Unit 


ns 
ns 


NEC 


Test 
Conditions 


RAS, CAS cycling, tac = tac min (Note 5) 


RAS cycling, CAS = Vin, tac = tac min 
(Note 5) 


RAS = Vi,, CAS cycling, tpc = tpg min 
(Note 5) 


RAS cycling, CAS = Vj, tac = tac min 
(Note 5) 


(Note 6) 


(Note 6) 
(Note 6) 


(Notes 7, 8) 
(Notes 7, 9) 
(Note 10) 
(Note 4) 


(Note 11) 
(Note 12) 


(Note 13) 


(Note 13) 
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NEC MC-41256A5 


AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V 10% 


MC-41256A5-12 MG-41256A5-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Write command to CAS towL 40 45 ns 
lead time 
Data-in setup time tos 0 0 ns (Note 14) 
Data-in hold time toy 30 40 ns (Note 14) 
Data-in hold time referenced to RAS toHR 90 115 ns 
Write command setup time twes 0 0 ns (Note 15) 
CAS to WE delay tcwo 60 75 ns (Note 15) 
RAS to WE delay trawo 120 150 ns (Note 15) 
CAS setup time for CAS before RAS tes 10 10 ns (Note 16) 
refresh i na 
CAS hold time for CAS before RAS tcHR 30 30 ns (Note 16) 
refresh 
Note: 


(1) All voltages referenced to GND. 

(2) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 
(3) AC measurements assume ty = 5 ns. 

4 


(4) Vip (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vj_. 
(5) loc1, lees: loca, and Iocs depend on output loading and cycle rates. Specified values were obtained with the output open. 
(6) 


The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load =2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Vo, = 0.8 V). 


(8) Assumes that tacp <trcp (max). If trop is greater than the maximum recommended value in this table, taac increases by the amount 
that tacp exceeds the value shown. 


(9) Assumes that tacp = tacp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by tcac. 


(12) The tcorp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or tracy must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos; tewp, 2nd tawp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos =twes (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp = tcwp (Min) and tawp = tRwp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, 
the condition of the data out (at access time and until CAS returns to Vj) is indeterminate. 


(16) CAS before RAS operation is specified. 
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MC-41256A5 NEC 


Timing Waveforms 


Read Cycle Read-Write/Read-Modify-Write Cycle 


i , 
poner) taco tasu hes te 
a 


| | tcas 
tasr 
access 72 ame wa | Ree clas a= pt 


trwo CWL 
Column RCH tcwo tawe 


tacs Address ie 
WE ttt |], bis ten li at eat ano t a 
Se Vt 
H 


Column 
trac ON QML, Bk |KMRMQURUddluoyz 
Dour —3 taac tcac Valid Data torr 


D | Valid Data) 
OuT High Impedance Valid Data 


Write Cycle (Early Write) 


RAS-Only Refresh Cycle 


4-14 


NEC 


MC-41256A5 


Timing Waveforms (cont) 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 


Memory Cycle 
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[1] WE, Address: Don't Care. 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The MC-41256A8 is a 262,144-word by 8-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
operating margins. 


The MC-41256A8 operates like eight uPD41256 standard 
256K DRAMs. Refresh is accomplished by performing 
RAS-only refresh cycles, hidden refresh cycles, CAS 
before RAS refresh cycles, or normal read or write 
cycles on the 256 address combinations of Ao-A7 
during a 4 ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
eight uwPD41256s in PLCC packages and eight power 
supply decoupling capacitors. 


SIMM is a trade mark of Wang Laboratories. 


Features 


LC) 262,144-word by 8-bit organization 

O) Single +5V + 10% power supply 

CJ Standard 30-pin Single Inline Memory Module 
(SIMM) package 

LJ Incorporates eight 256K dynamic RAMs in high- 
density PLCC packaging (uPD41256L) 

L) Includes power supply decoupling capacitors 

L] Low power dissipation: 220 mW standby (max) 

CJ TTL-compatible |/O 

LJ 256 refresh cycles (Ag-A7 are refresh address pins) 

L] Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 
MC-41256A8-12 120 ns 220 ns 120 ns 
MC-41256A8-15 150 ns 260 ns 145 ns 


MC-41256A8 


262,144 x 8-BIT 
DYNAMIC NMOS RAM MODULE 


Pin Configurations 


30-Pin SIMM, MC-41256A8A 


83-001924A 
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NEC 


MC-41256A8 
Pin Configurations (cont) Pin Identification 
No. Symbol Function 
30-Pin SIMM, MC-41256A8B 
1, 30 Voc Power supply (+5.0 V) 
2 CAS Column address strobe 
3, 6, 10, 13 1/04-1/0g Common data inputs/outputs 
16, 20, 23, 35 
45,7, 8. 11, Aop-Ag Address inputs 
12, 14, 15, 17 
9, 22 GND Ground 
18, 19, 24, 26 NC No connection 
28, 29 
21 WE Write enable 
27 RAS Row address strobe 


CI 


| 
i 
L. 


83-001925A 


MC-41256A8 


Block Diagram 


49-001362C 
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MC-41256A8 


Absolute Maximum Ratings 
Voltage on any pin relative to GND 


Operating temperature, Topp, ambient 


Storage temperature, Tstg 


Short circuit output current, los 


Power dissipation, Pp 


—1.0 to +7.0V 
0 to +70°C 
—§5 to +85°G 
50 mA 

8.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 


Ta = 0 to +70°C, Voc = 5.0 V + 10%, f = 1 MHz 


Parameter 

Input capacitance 

Input capacitance 

Input capacitance 
Input/output capacitance 
Note: 


Symbol 


Cia 
Cir 
Cic 


Coa 


(1) CAS= Vip to disable Doyt 


DC Characteristics 
Ta = 0 to +70°C; Voc =5V+10%, GND=O0V 


Parameter 
Supply voltage 
Input high voltage 
Input low voltage 


Symbol 


Unit 


pF 
pF 
pF 
pF 


Unit 


NEC 


Test 
Conditions 


Ao-Ag 

RAS, WE 

CAS 

1/04-1/0g (Note 1) 


Test 
Conditions 


1 0.8 


Standby current 


RAS = Vin, Doyt = High-Z 


—80 80 


Input leakage current 
Output leakage current 
Output low voltage 
Output high voltage 
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Limits 
Min Typ Max 
oD 
70 
70 
17 
Limits 
Min Typ Max 
45 5.0 os) 
2.4 D0 
40.0 
—20 20 
0 0.4 
2.4 Vec 


Vin = 0 to 5.5 V; other pins = 0 V 
Doyt disabled, Voy7 = 0 to 5.5 V 
lout = 4.2 mA 
loyT = —5 mA 


NEC MC-41256A8 


AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V 10% 


MG-41256A8-12 MG-41256A8-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Operating current, average loc 664 560 mA RAS, CAS cycling, tac = tac min (Note 5) 
Operating current, loc3 520 425 mA RAS cycling, CAS = Vin, tac = tac min 
refresh mode, average (Note 5) 
Operating current, loc4 360 280 mA RAS = Vi,, CAS cycling, tpc = tpg min 
page mode, average (Note 5) 
operating current, CAS before —Iccs 545 450 mA RAS cycling, CAS = Vj, tac = tac min 
RAS refresh mode, average (Note 5) 
Random read or tac 220 260 ns (Note 6) 
write cycle time 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period treF 4 4 ms 
Access time from RAS trac 120 150 ns (Notes 7, 8) 
Access time from CAS tac 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) tT 3 50 ‘. 50 ns (Note 4) 
RAS precharge time trp 90 100 ns 
RAS pulse width tras 120 10000 150 10000 ns 
RAS hold time tRSH 60 75 ns 
CAS pulse width toas 60 10000 75 10000 ns 
CAS hold time tosH 120 150 ns 
RAS to CAS delay time taco 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time top 10 10 ns (Note 12) 
CAS precharge time topn 25 25 ns 
(non-page mode) 
CAS precharge time top 50 60 ns 


(page mode) 
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MC-41256A8 NEC 


AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = 5.0 V +10% 


MG-41256A8-12 MG-41256A8-15 Test 
Parameter Symbol Min Max Mins Max ~~ Unit Conditions 
RAS precharge CAS hold time trpc 0 0 ns 
Row address setup time tasr 0 0 ns 
Row address hold time tRAH 15 15 ns 
Column address setup time tasc 0 0 ns 
Column address hold time tCAH 20 25 ns 
Column address hold time tar 80 100 ns 
referenced to RAS 
Read command setup time trcs 0 0 ns 
Read command hold time referenced tRRH 20 20 ns (Note 13) 
to RAS 
Readcommandhold=~=~OCS*~“‘WRRGHS™*~<“«‘<é~“ C“<C<CSCS*é‘é<= SSS” NORE 18) 
time referenced to CAS 
Write command hold time tWcH 30 40 ns 
Write command hold time referenced twcr 90 115 ns 
to RAS 
Write command pulse width twp 20 25 ns 
Write command to RAS lead time tRWL 40 45 ns 
Write command to CAS lead time tcwL 40 45 ns 
Data-in setup time tos 0 0 ns (Note 14) 
Data-in hold time tbH 30 40 ns (Note 14) 
Data-in hold time referenced to RAS toHR 90 115 ns 
Write command setup time twcs 0 0 ns 
CAS setup time for CAS before RAS tcsp 10 10 ns (Note 15) 
refresh 
CAS hold time for CAS before RAS tcHR 30 30 ns (Note 15) 
refresh 
Note: 


(1) All voltages referenced to GND. 

(2) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(3) AC measurements assume ty = 5 ns. 

(4) Vix (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vj,. 
(5) loc, loc3, loca, and Iccs depend on output loading and cycle rates. Specified values were obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load =2 TTL (—1 mA, +4 mA) loads and 100 pF (VoH = 2.0 V, Vo, = 0.8 V). 


(8) Assumes that tacp S trcp (max). If tacp is greater than the maximum recommended value in this table, trac increases by the amount 
that tacp exceeds the value shown. 


(9) Assumes that tacp = trop (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Vow or Vo_. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if taco is 
greater than trop (max), access time is controlled exclusively by tcac. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or troy must be satisfied for a read cycle. 

(14) These parameters are referenced to the leading edge of CAS. 

(15) CAS before RAS operation is specified. 


NEC MC-41256A8 


Timing Waveforms 
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MC-41256A8 NEC 


Timing Waveforms (cont) 
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NEC MC-41256A8 


Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The MC-41256A9 is a 262,144-word by 9-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, 1024 sense 
amplifiers per data output, multiplexed address buffers, 
and flexible refresh controls provide good system 
Operating margins. 


The MC-41256A9 operates like eight uwPD41256 standard 
256K DRAMs with a parity bit. Refresh is accomplished 
by performing RAS-only refresh cycles, hidden refresh 
cycles, CAS before RAS refresh cycles, or normal read 
or write cycles on the 256 address combinations of 
Ao-A7 during a 4 ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
nine wPD41256s in PLCC packages and nine power 
supply decoupling capacitors. 


SIMM is a trade mark of Wang Laboratories. 


Features 


CL) 262,144-word by 9-bit organization 

L) Single +5 V + 10% power supply 

LJ Standard 30-pin Single Inline Memory Module 
(SIMM) package 

LJ Incorporates nine 256K dynamic RAMs in high- 
density PLCC packaging (uPD41256L) 

CL) Includes power supply decoupling capacitors 

L) Low power dissipation: 248 mW standby (max) 

CL] TTL-compatible I/O 

L) 256 refresh cycles (Ap-A7 are refresh address pins) 

L) Page mode capability 


Performance Ranges 
Max Read or Write Page Mode 


Device Access Time Cycle Time Cycle Time 


MC-41256A9-12 120 ns 220 ns 120 ns 


MC-41256A9-15 150 ns 260 ns 145 ns 


MC-41256A9 


262,144 x 9-BIT 
DYNAMIC NMOS RAM MODULE 


Pin Configurations 


30-Pin SIMM, MC-41256A9A 


83-001922A 
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MC-41256A9 
Pin Configurations (cont) Pin identification 
No. Symbol Function 
30-Pin SIMM, MC-41256A9B 130 Voo Power supply (15.0V) 
2 CAS Column address strobe 
3, 6, 10, 13, 16, 20, 1/04-1/08 Common data 
23, 29 inputs/outputs 


4,5,7,8, 11,12, 14,  Ag-Ag 
15, 17 


9, 22 GND 
18, 19, 24 NC 

21 WE 

26 DouT 9 
27 RAS 
28 CASg 
29 DIN 9 


83-001923A 
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Address inputs 


Ground 

No connection 
Write enable 

Data output 9 

Row address strobe 


Column address strobe for 
data output 9 


Data input 9 


MC-41256A9 


Block Diagram 


49-001364C 
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Absolute Maximum Ratings 


Storage temperature, Tstg —55 to + 85°C 
Short circuit output current, los 50 mA 
Power dissipation, Pp 9.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 0 to +70°C, Voc = 5.0 V + 10%, f = 1 MHz 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input capacitance Cia 60 pF Ao-Ag 

Input capacitance Cir 75 pF RAS, WE 

Input capacitance Cic 70 pF CAS 

Input capacitance Cicg 13 pF CASg 

Input capacitance Cing 17 pF Ding 

Input/output capacitance Cio 17 pF 1/04-1/Og (Note 1) 

Output capacitance Court 9 12 pF Dout g (Note 2) 

Note: 

(1) CAS = Viy to disable Doyt 

(2) CASg = Vip to disable Doyt 9 

DC Characteristics 

Ta =0 to +70°C; Vog = 5 V 10%, GND =O V 

Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Supply voltage Vcc 45 5.0 5.5 V 

Input high voltage Vin 2.4 3.0 V 

Input low voltage VIL =21,.0 0.8 V 

Standby current loca 45.0 mA RAS = Vin, Doyt = High-Z 

Input leakage current lit —90 90 uA For Ag-Ag, RAS, CAS, WE: 
Vin = 0 to 5.5 V; other pins =0 V 

Input leakage current lit g —10 10 uA For CASg, Diy 9; Vin = 0 to 5.5 V: 
other pins =0 V 

Output leakage current lot —20 20 uA For 1/04-1/0g; Doyt disabled, 
Vout = 0 to 5.5 V 

Output leakage current lol 9 —10 10 yA For Doyt 9; Dout 9 disabled, 
Vout = 0 to 5.5 V 

Output low voltage VoL 0 0.4 V lout = 4.2 mA 

Output high voltage Vou 2.4 Vcc V lour = —5 mA 


NEC MC-41256A9 


AC Characteristics 
Ta = 0 to +70°C; Veco = 5.0 V + 10% 


MC-41256A9-12 MG-41256A9-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
tac min (Note 5) 
refresh mode, average tac = trc min (Note 5) 
Operating current, loca 405 315 mA RAS=V),, CAS cycling, 
page mode, average tpc = tpc min (Note 5) 
Operating current, CAS before locs 610 505 mA RAS cycling, CAS = VL, 
RAS refresh mode, average tac = tac min (Note 5) 
Random read or write cycle time trac 220 260 ns (Note 6) 
Read-write cycle time trwc 265 310 ns (Notes 6, 17) 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period tReF 4 4 ms 
Access time from RAS trac 120 150 ns (Notes 7, 8) 
Access time from CAS tcac 60 75 ns _ (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) tT 3 50 3 50 ns (Note 4) 
RAS precharge time trp 90 100 ns 
RAS pulse width tRAS 120 10000 150 10000 ns 
RAS hold time tRsH 60 75 ns 
CAS pulse width tcas 60 10000 5 10000 ns 
CAS hold time tcsH 120 150 ns 
RAS to CAS delay time trcp 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time tcrp 10 10 ns __ (Note 12) 
CAS precharge time oe 25 25 ns 
(non-page mode) 
CAS precharge time (page mode) tcp 50 60 ns 
RAS precharge CAS hold time “tape 0 0 ns 
Row address setup time tasr 0 0 ns 
Row address hold time tRAH 15 15 ns 
Column address setup time tasc 0 0 ns 
Column address hold time CAH 20 25 ns 
Column address hold time tar 80 100 ns 
referenced to RAS 
Read command setup time tracs 0 0 ns 
Read command hold time referenced tRRH 20 20 ns (Note 13) 
to RAS 
Read command hold __ tRCH 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold time _ 30 40 ns 
Write command hold time referenced twer 90 115 ns 
to RAS 
Write command pulse width twp 20 29 ns 
Write command to RAS lead time tRWL 40 45 ns 
Write command to CAS lead time tcwL 40 45 ns 
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AC Characteristics (cont) 


Ta = 0 to +70°C; Veg = 5.0 V +10% 


MC-41256A9-12 


MC-41256A9-15 


NEC 


Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Data-in setup time tps 0 0 ns (Note 14) 
Data-in hold time tpH 30 40 ns (Note 14) 
Data-in hold time referenced to RAS tpHR 90 115 ns 
Write command setup time twcs 0 0 ns (Note 15, 17) 
CAS to WE delay tow 60 75 ns (Note 15, 17) 
RAS to WE delay trwo 120 150 ns (Note 15, 17) 
CAS setup time for CAS before RAS tosp 10 10 ns (Note 16) 
refresh 
CAS hold time for CAS before RAS tCHR 30 30 ns (Note 16) 
refresh 
Note: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


(7) 
(8) 


(9) 


All voltages referenced to GND. 

An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

AC measurements assume tyr = 5 ns. 

Vin (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj} and Vj. 
loc1; loc3: loc4, and Iocs depend on output loading and cycle rates. Specified values were obtained with the output open. 


The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta =0 to +70°C) is assured. 


Load = 2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Vo, = 0.8 V). 


Assumes that tacp = trop (max). If tacp is greater than the maximum recommended value in this table, taac increases by the amount 
that tacp exceeds the value shown. 


Assumes that trop = trcp (max). 


(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if taco is 


greater than trop (max), access time is controlled exclusively by tcac. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 


(13) Either tary or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 


read-modify-write cycles. 


(15) For Doutg: twes; towo, 4nd tawp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos=twcs (min), 


the cycle is an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp = tcwp (min) and tawp = 
trwp (min), the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above 
conditions is met, the condition of Doyr g (at access time and until CASg returns to Vj) is indeterminate. 


(16) CAS before RAS operation is specified. 


(17) Read-write/read-modify-write operation can be performed only by the PLCC controlled by CASg because of its separate data input and 


Output terminals. 
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Timing Waveforms 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The MC-411000A1 is a 1,048,576-word by 1-bit NMOS 
dynamic RAM module, designed to operate from a 
single +5 V power supply. Advanced dynamic circuitry, 
including a single-transistor storage cell, sense ampli- 
fiers, multiplexed address buffers, and flexible refresh 
controls provide good system operating margins. 


Separate data input and data output pins from four 
uPD41256s are controlled by individual RAS pins and 
common CAS and WE. Data pins are connected in 
parallel to provide single input and single output 
terminals. Refresh is accomplished on each of the four 
uPD41256s by performing RAS-only refresh cycles, 
hidden refresh cycles, CAS before RAS refresh cycles, 
or normal read or write cycles on the 256 address 
combinations of Ap-A7 during a 4 ms period. 


The Single Inline Memory Module (SIMM™) package 
reduces system cost, enhances reliability, and reduces 
the size and weight of a system. The SIMM includes 
four uwPD41256s in PLCC packages and two power 
supply decoupling capacitors. 


SIMM is a trademark of Wang Laboratories. 


Features 


CL) 1,048,576-word by 1-bit organization 

LJ Single +5 V + 10% power supply 

LJ Standard 22-pin Single Inline Memory Module 
(SIMM) package 

CL) Incorporates four 256K dynamic RAMs in high- 
density PLCC packaging (uPD41256L) 

L] Includes power supply decoupling capacitors 

L] Low power dissipation: 110 mW standby (max) 

LJ TTL-compatible I/O 

CL) 256 refresh cycles (Ap-A7 are refresh address pins) 

L) Page mode capability 


Performance Ranges 


Max Read or Write Page Mode 
Device Access Time Cycle Time Cycle Time 
MC-411000A1-12 120 ns 220 ns 120 ns 
MC-411000A1-15 150 ns 260 ns 145 ns 


MC-411000A1 
1,048,576 x 1-BIT 
DYNAMIC NMOS RAM MODULE 


Pin Configuration 


83-003474A 


Pin Identification 


No. Symbol Function 

1, 22 GND Ground 

2, 21 Voc Power supply (+5.0 V) 
3, 9, 14, 19 RASp-RAS3 Row address strobes 
4 Dout Data output 

5, 6, 10-12, Ao-Ag Address inputs 

15, 16, 18, 20 

7 Din Data input 

8 WE Write enable 

13 CAS Column address strobe 
17 NC No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND —1.0 to +7.0V 
Operating temperature, Topr, ambient 0 to +70°C 
Storage temperature, TsTg —55 to +85°C 
Short circuit output current, los 50 mA 
Power dissipation, Pp 1.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Block Diagram 


83-003475B 


Capacitance 
Ta = 0 to +70°C, Voc = 5.0 V + 10%, f = 1 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cia 40 pF Ao-Ag, Din 
Input capacitance Cir 15 pF RAS-RAS3 
Input capacitance Ciw 50 pF WE 
Input capacitance Cic 50 oF CAS 
Output capacitance Court 50 pF Dourt (Note 1) 
Note: 
(1) CAS = Vip to disable Doyt 
DC Characteristics 
Ta = 0 to +70°C; Veg = 5 V 10%, GND =O V 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Vec 4.5 5.0 55 V 
Input high voltage Vin 2.4 Se V 
Input low voltage ViL =1.0 0.8 V 
Standby current Icc2 20.0 mA RAS = Vip, Doyt = High-Z 
Input leakage current lit —40 40 uA For Ag-Ag, Diy, CAS, WE: 

Vin = 0 to 5.5 V; other pins = 0 V 
peat leakage current, liL (RAS) —10 10 uA Vin = 0 to 5.5 V; untested RAS 
input pins = Vip; other pins =0 V 

Output leakage current loL —40 40 uA Doyt disabled, Vgyt =0 to 5.5 V 
Output low voltage VoL 0 0.4 V lout = 4.2 mA 
Output high voltage Vou 2.4 Voc V lour = —5 mA 


NEC MC-411000A1 


AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V 10% 


Limits 
~MC-41100041-12 _MG-411000A1-15 oa 
Parameter Symbol Min Max Min Max Unit Conditions 
Operating current, average lect 98 85 mA One RAS input and CAS cycling, tac = trc 
min, other three RAS inputs = Vjy (Note 5) 
refresh mode, average min, other three RAS inputs = Vjy (Note 5) 
page mode, average min, other three RAS inputs = Viy (Note 5) 
RAS refresh mode, average min, other three RAS inputs = Vjy (Note 5) 
Random read or trc 220 260 ns (Note 6) 
write cycle time 
Read-write cycle time trwec 265 310 ns (Note 6) 
Page mode cycle time tpc 120 145 ns (Note 6) 
Refresh period trerF 4 4 ms 
Access time from RAS trac 120 150 ns (Notes 7, 8) 
Access time from CAS tcac 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 30 0 35 ns (Note 10) 
Transition time (rise and fall) ty 3 50 3 50 ns (Note 4) 
RAS precharge time trp 90 100 ns 
RAS pulse width tras 120 10000 150 10000 ns 
RAS hold time trsH 60 75 ns 
CAS pulse width tcoas 60 10000 75 10000 ns 
CAS hold time tcsH 120 150 ns 
RAS to CAS delay time trcp 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time torp 10 10 ns (Note 12) 
CAS precharge time tcpn 25 25 ns 
(non-page mode) 
CAS precharge time top 50 60 ns 
(page mode) 
RAS precharge CAS hold time __trpc 0 0 ns 
Row address setup time tasr 0 0 ns 
Row address hold time tran 1S r ns 
Column address setup time tyso 0 ns 
Column address hold time tCAH 20 25 ns 
Column address hold time tar 80 100 ns 
referenced to RAS 
Read command setup time trcs 0 0 ns 
Read command hold time tRRH 20 20 ns (Note 13) 
referenced to RAS 
Read command hold _ tRCH 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold twcH 30 40 ns 
time 
Write command hold _ twcr 90 115 ns 


time referenced to RAS 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V +10% 


Limits 

MC-411000A1-12 MC-411000A1-15 Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Write command pulse twp 20 25 ns 
width 
Write command to RAS taWL 40 45 ns 
lead time 
Write command to CAS tcwL 40 45 ns 
lead time 
Data-in setup time tos 0 0 ns (Note 14) 
Data-in hold time tou 30 40 ns (Note 14) 
Data-in hold time tpyHrR 90 115 ns 
referenced to RAS 
Write command setup twos 0 0 ns (Note 15) 
time 
CAS to WE delay tcwp 60 75 ns (Note 15) 
RAS to WE delay trwo 120 150 ns (Note 15) 
CAS setup time for CAS tcsR 10 10 ns (Note 16) 
before refresh 
CAS hold time for CAS tcHR 30 30 ns (Note 16) 
before RAS refresh 
Note: 


(1) All voltages referenced to GND. 


(2) Aninitial pause of 100 us is required after power-up, followed by any 8 RAS cycles on each RAS input before proper device operation is 
achieved. 


3) AC measurements assume ty = 5 ns. 
4) ViH (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj}, and Vj,. 
5) Ioc1; locs: Ioc4, and Iocs depend on output loading and cycle rates. Specified values were obtained with the output open. 


6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL (—1 mA, +4 mA) loads and 100 pF (Voy = 2.0 V, Vo, = 0.8 V). 


(8) Assumes that tacp Strcp (max). If trop is greater than the maximum recommended value in this table, taac increases by the amount that 
trop exceeds the value shown. 


(9) Assumes that tacp = trop (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_. 


(11) Operation within the trop (max) limit assures that trac (max) can be met. trop (max) is specified as a reference point only; if tacp is 
greater than trop (max), access time is controlled exclusively by tcac. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or troy must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos; towp: 4nd trwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos = twcs (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If tcwp = towp (min) and tawp = trRwp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to Vj4) is indeterminate. 


(16) CAS before RAS operation is specified. Refresh operations can be performed on all four vwPD41256Ls simultaneously by the use of CAS 
before RAS refresh cycles or RAS-only refresh cycles. All other operations require that only one of the RASg-RAS3 inputs is in the active 
state. 
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Timing Waveforms 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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DYNAMIC RAMs 5. 


DYNAMIC RAMs 


Section 5 — Dynamic RAMs Page 
uPD4164 65,536 x 1-Bit Dynamic NMOS RAM caccvececcsessvasctxeunvenieveeceves 5-1 
uPD4265 65,536 x 1-Bit Dynamic CMOS RAM ccs csccesenccececvecsercevtaeecscns 5-5 
uPD41256 262,144 x 1-Bit Dynamic NMOS RAM .......... 0. cece cee cece eee eee eeee 5-11 
uPD41257 262,144 x 1-Bit Dynamic NMOS RAM ............ cece ccc e ee eee eens 5-21 
uPD41416 16,384 x 4-Bit Dynamic NMOS RAM icccvseccaccuvecesicnesazasanessan 5-29 
uPD41464 65,536 x 4-Bit Dynamic NMOS RAM ososccvvccevessvses vexeusessxescas 5-35 
uPD411000 1,048,576 x 1-Bit Dynamic NMOS RAM ...secscercisacscnessecsesesass 5-43 
uPD411001 1,048,576 x 1-Bit Dynamic NMOS RAM asvccicscrvessescstesseersesvaes 5-51 
uPD414256 262,144. x 4-Bit Dynamic NMOS:-RAM ccsssvcccsedecacessenvadasess owes 5-61 
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NEC Electronics Inc. 


Description 

The NEC »PD4164 is a 65,536-word by 1-bit dynamic 
N-channel MOS Random-access Memory (RAM) designed 
to operate from a single +5V power supply. The negative- 
voltage substrate bias is internally generated providirig both 
automatic and transparent operation. 


The »PD4164 utilizes a three-poly, N-channel, silicon-gate 
process which provides high storage cell density, high perfor- 
mance, and high reliability. 


The »PD4164 uses a single transistor dynamic storage cell 
and advanced dynamic circuitry throughout, including the 512 
sense amplifiers, which assure that power dissipation is mini- 
mized. Refresh characteristics have been chosen to maximize 
yield at a low cost to the user while maintaining compatibility 
between dynamic RAM generations. 

The .PD4164 three-state output is controlled by CAS, inde- 
pendent of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CAS low. The data-out_ 
pin is returned to the high impedance state by returning CAS 
to a high state. The 4PD4164 hidden refresh feature allows 
CAS to be held low to maintain output data while RAS is used 
to execute RAS-only refresh cycles. 

Refresh is accomplished by performing RAS-only refresh 
cycles, hidden refresh cycles, or normal read or write cycles 
on the 128-address combinations of A, through A, during a 
2ms period. 

Multiplexed address inputs permit the ~PD4164 to be pack- 
aged in the standard 16-pin dual-in-line package. The 16-pin 
package provides the highest system bit densities and is com- 
patible with widely available automated handling equipment. 


Features 


L) 65,536 x 1-bit organization 

L] High memory density 

L) Multiplexed address inputs 

LJ Single +5V power supply 

LJ On-chip substrate bias generator 

[| Low power dissipation: 27.5mW max (standby) 
(uPD4164-10); 330mW. (active); 27.5mW (standby) 

L] Three-state, TTL-compatible, nonlatched output 

L] Read, write, read-write, read-modify-write, RAS-only 
refresh, and page mode capability 

L] All inputs TTL-compatible, and low input capacitance 

L] 128 refresh cycles (A,—A, pins for refresh address) 

LJ CAS-controlled output allows hidden refresh 

LJ Available in a plastic 16-pin package 

CL) 4 performance ranges: 


Device Access Time R/W Cycle RMW Cycle 


»PD4164-10 100ns 200ns 230ns 
»PD4164-12 120ns 230ns 245ns 
wPD4164-15 150ns 260ns 280ns 
»PD4164-20 200ns 330ns 345ns 


uPD4164 
65,536 x 1-BIT 
DYNAMIC NMOS RAM 


Revision 4 


Pin Configuration 


Pin Identification 


Pin 
No. Symbol Function 
1 NC No connection 
2 Dw Data input 
3 WE Write enable 
4 RAS Row address strobe 
ee Ay—Ay Address inputs 
8 Vec +5V power supply 
14 Dour Data output 
15 CAS Column address strobe 
16 GND Ground 


Absolute Maximum Ratings* 


0°C to + 70°C 
— 55°C to + 125°C 


Operating Temperature, TopR 
Storage Temperature, Ts+, (Plastic Package) 


Supply Voltages On Any Pin except Vcc -1V to +7VO® 
Supply Voltage, Vcc ; —0.5V to +7VO 
Short-circuit Output Current 50mA 


Power Dissipation,Pp __ - | 7 1w 
Note: © Relative to GND. 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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DC Characteristics 
Ta = O°Cto + 70°C 0; Veg = +5V + 10%; GND = OV 


—__Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
sire Veco 45 50 55 Vv 
u lo — . - — 
iid ” GND 0 0 V 
r a : : All voltages 
High-level Input Voit- 
age, (RAS, CAS, WE) IHC oe 5.5 V referenced to GND 
High-level Input 
Voltage, All Inputs Vin 2.4 5.5 V 
except RAS, , WE 
Low-level Input _ 
Voltage, All Inputs Vit 18 = 
Psat eieaags uPD4164-20 45 
r r 
Supply Operating PD4164-15 50 @ 
current ae ; u.PD4164-12 55 
yciing; tac = z 
tac (min) ».PD4164-10 kad a ; : 
Standby Current 
Power Supply 
Standby 
Current lece 5.0 mA 
(RAS = Vines Dour 
= High-impedance) _ ; _—_ ; 
Refresh Current 
».PD4164-20 35 
Average Power - 
Supply Current, »PD4164-15 40 mi @ 
BAS Cy modes CC3 | pD4164-12 45 
cling, = : - 
Vince tac = tac (min) pPD4164-10 7 an a . a 
Page Mode Current 
poetere Power .PD4164-20 35 
Supply Current, poside ~ 
Page Mode a B ale —" @ 
Operation yPD4164-12 45 
RAS = Vit; pnd = 
CAS Cycling .PD4164-10 45 
tec = tec (min) - - 
Input Leakage 
Current (any input); 
Vin = 0Vto +5.5V; I) —10 10 pA 
All Other Pins Not 
Under Test = 0V 
Output Leakage 
Current Dour is = 
Disabled, Voyp = (OH) bs = 
OV to +5.5V ; 
Output Levels High- 
level Output Voltage 
(lour = SMA) Vou 2.4 Vee VY 
Low-level Output Vor 0 0.4 V 
Voltage (lout = 
4.2mA) 


Notes: © T, is specified here for operation at frequencies to tac = tac (min). Operation at higher 


cycle rates with reduced ambient temperatures and high power dissipation is per- 
missible, however, provided AC operating parameters are met. 
lect Iec3 and Iec4 depend on output loading and cycle rates. Specified rates are obtained 


with the output open. 
Capacitance 
Ta = O°Cto + 70°C; Vec = +5V + 10%; GND = OV 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 

Input Capacitance 

Cc 5 F 
Input Capacitance 
RAS, CAS, WE Cz Ee 
a Capacitance Co 7 pF 
Mout) 


AC Characteristics 
Ta = OC to +70°C 0; Vec = +5V + 10%; GND = OV® ®@@ 


Parameter Symbol 


Random 
Read 

or Write 
Cycle Time 


4164-20 
Min Max Min Max 


330 


260 


4164-15 


Limits 


Min 


230 


4164-12 
Max Min Max Unit Notes 


4164-10 


200 


ns 


Read-write 
Cycle Time 


Page Mode 
Cycle Time 


Access Time 
from RAS 


trac 


345 


Access Time 
from CAS 


tcac 


Output Buffer 
Turn-off Delay 


torr 


Transition 
Times (rise 
and fall) 


ty 


RAS Pre- 
charge Time 


RAS Pulse 
Width 


120 


RAS to CAS 
Delay Time 


ns 


CAS to RAS 
Precharge 
Time 


ns 


CAS Pre- 
charge Time 


30 


25 


25 


20 


ns 


CAS 
Precharge 
Time (for 
page mode 
cycle only) 


ns 


RAS 
Precharge 
CAS Hold 
Time 


ns 


Row Address 
Set-up Time 


ns 


Row Address 
Hold Time 


ns 


Column 
Address 
Set-up Time 


Column 
Address 
Hold Time 


25 


ns 


ns 


Column 
Address 
Hold Time 
Referenced 
to RAS 


tar 


ns 


Read 
Command 
Set-up Time 


tres 


ns 


Read 
Command 
Hold Time 
Referenced 
to RAS 


taRH 


25 


ns 


uPD4164 


AC Characteristics (Cont.) Timing Waveforms 
= O°C to + 70°C 0; Vee = +5V + 10%; GND = OV ® © @ 
Limits 


4164-20 4164-15 4164-12 4164-10 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 


Read 

Command tracy 0 fy) i) 0 ns @ 
Hold Time 

Write 

Command twon 55 45 35 30 ns 

Hold Time 

Write 

Command 

HoldTime —_twer 155 120 95 80 ns 
Referenced 

to RAS 

Write 

Command twp 55 45 35 30 ns 

Pulse Width 

Write 

Command 

to RAS tewe 55 45 40 35 ns 

Lead Time 

Write 

Command 

to CAS teow. 55 45 40 35 ns 

Lead Time Write Cycle (Early Write) 
Data-in 

Set-up Time ‘08 0 0 0 i) n @ 
Data-in RAS 
Hold Time ‘oH 55 45 35 30 ns @ 
Data-in Hold 

Time Refer-_ tour 155 120 95 80 ns 

enced to RAS 


Pe a a a a a a ee eS a a a ee CAS 
trer 2 2 2 2 ms bal he 
tasr 
twes -10 -10 -10 0 ns @& | 
a cr rr woe EX XO RKRERERRRE 
tewo 55 45 40 40 ns = @® 


chat a Pll tesla e| 
— tawo 130 120 100 90 rn @® 


Notes: © T, is specified here for operation at frequencies to tac = tac (min). Operation at higher — THN 


cycle rates with reduced ambient temperatures and higher power dissipation is permissi- 
ble, however, provided AC operating parameters are met. twery | tos 
® Aninitial pause of 100s is required after power-up followed by any 8 RAS cycles before ton 
r device operation is achieved. PITTI VaVavaVaVaVavataVatatavaVataVa¥, 
® pi uialearanedesses assume t; = 5ns. Dw XXAKMY 9.0.0.9 es XXKXKKKKKKKAKAKY 
® Vic (min) or Vj, (min) and V,, (max) are reference levels for measuring timing of input tasane Valid 
signals. Also, transition times are measured between Vic oF Vi, and V),. Data 
© The specifications for tac (min) and tawc (min) are used only to indicate cycle times at Dour ———____________—__ Open 
which proper operation over the full temperature range (T, = 0°C to + 70°C) is assured. 
© Assumes that tacs = tacp (max). If tas is greater than the maximum recommended value 
shown in this table, taac will increase by the amount that tacp exceeds the values shown. s F 
@ Measured witha load equivalent 102 mm loads and 100pr Read-Write/Read-Modify-Write Cycles 
® Assumes that taco = taco (max). —__——— -traaw 
torr (max) defines the time at which the output achieves the open-circuit condition and is 
not referenced to output voltage levels. 
Operation within the tacp (max) limit ensures that taac (max) can be met. tacp (max) is 
specified as a reference point only. If tacp is greater than the specified tacp (max) limit, 
access time is controlled exclusively by tcac. 
@ Either tag} OF tac} Must be satisfied for a read cycle. 
@® These parameters are referenced to CAS leading edge in early write cycles and to WRITE 
leading edge in delayed write or read-modify-write cycles. 


A 
® twos, tewo and tawp are restrictive operating parameters in read-write, and read-modity- 
write cycles only. If twos =twcs (min), the cycle is an early write cycle and the data output t Column 
will remain open circuit throughout the entire cycle. If tewp = towp (min) and tawo = tawo weal ine Address 


aiB| alg] £9 3|2 
: ole 3 ry 
3 ge i i 


tras 


(min), the cycle is a read-write and the data output will contain data read from the selected 
cell. If neither of the above conditions is met the condition of the data-out (at access time Addresses 7 Pe mms 
and until CAS goes back to V/,;) is indeterminate. Row 
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Timing Waveforms (Cont.) 
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NEC wpoazes 
. 65,536 x 1-BIT 
NEC Electronics Inc. DYNAMIC CMOS RAM 


Revision 1 


Description Pin Configuration 


The NEC uwPD4265 is a 65,536-word by 1-bit dynamic 
CMOS Random Access Memory (RAM) designed to 
operate from a single +5 V power supply. The 
negative voltage substrate bias is generated internally 
providing automatic and transparent operation. 

The unique construction of the 4.PD4265 allows for an 
extremely low standby power device that incorporates three 
user-selected, self-refresh standby modes. The device can 
accomplish RAS-only refresh. Also, by utilizing the pin 1 


refresh function, it can perform automatic pulsed refresh or Pin Identification 
hidden auto pulsed refresh which makes use of the internal Pin 
refresh address generator. No. Symbol Function 

1 RFSH © Refresh 
Features a. Dw Datein - 
L] 65,536-word x 1-bit organization = ee 
L] High memory density: 16-pin plastic DIP = aaa aa 
[} Single +5V + 10% power supply oa. TO iain 
LJ Control on pin 1 for automatic and self refresh a Ay-As Fuliedit Atenas 
L_] Multiplexed address inputs : i : a one 
LJ Fully TTL-compatible including clocks a Den . a peer 
[] Three-state output a 15 CAS . Column Address Strobe 
LJ Read, write, RMW, RAS-only refresh, page mode, latched 16 GND - : Ground 


pulse, pulse and self-refresh capabilities 
_] CAS-controlled output allows hidden refresh 


Absolute Maximum Ratings* 
|] 2 performance ranges: 


: Voltage on any Pin Relative to Ground, Vio —1.0V to +7.0V 
Device trac teac tre Power : 
Operating Temperature, Top7 (Ambient) 0°C to + 70°C 
u.PD4265C-20 200ns 100ns 335ns 193mWw 
— Storage Temperature, Tstc (Ambient) — 55°C to + 125°C 
wPD4265C-25 250ns 125ns 410ns 165mW 7 
7 ea Short-circuit Output Current, los ; 50mA 
|] Low power dissipation | . 
— 35mA max (operating) * COMMENT: Exposing the device to stresses above 
— 1.0mA max (standby, RAS = CAS = V,,,) those listed in Absolute Maximum Ratings could cause 
— 0.5mA max (standby, RAS = CAS = V,p) permanent damage. The device is not meant to be 
— 200A max (self-refresh 1, T, = O°C to + 70°C) operated under conditions outside the limits described 
— 100A max (self-refresh 2, T, = O°C to + 45°C) in the operational sections of this specification. Expo- 
— 50pA max (self-refresh 3, T, = 0°C to + 25°C) sure to absolute maximum rating conditions for 
(According to Figure 1.) extended periods may affect device reliability. 
_] 128 refresh cycles 
Capacitance 
Ta = 25°C; f = 1MHz 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Address, Data-in Ci, 5 pF 
RAS, CAS, WE,RFSH C,, 8 pF 
Output Co ; - 7 pF 
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DC Characteristics 
Ta = O°C to + 70°C; Vop = 5V + 10% 


Limits 


AC Characteristics (Cont.) 
Ta = O°C to + 70°C; Vop = 5V + 10% 
Read, Write, RMW, RAS-only Refresh Cycles 


SSS Test 
Parameter Symbol Min Typ Max Unit Conditions Limits 
Supply Voltage Vop 45 5.0 5.5 V All Voltages 4265-20 4265-25 Test 
High-level Input Voltage Vj, 2.4 5.5 Vv Referenced Parameter Symbol Min Max Min Max Unit Conditions 
Low-level Input Voltage Vy, -1.0 08 V to Ground Write Command Hold Time 
— twcr 155 190 ns 
Standby Write Command Pulse Width twp 55 65 ns 
Standby (Output- = Write Command to 
enable) loos = RAS Lead Time tRwe 55 65 a 
Standby lope 0.5 mA __ RAS = CAS = Vop Write Command to 
—— —— yyw tow. 55 65 ns 
Self-refresh 1 ' 200 uA RAS = CAS = Vi; CAS Lead Time 
(T, = O°Cto +70°C) 908 WE = Vin Data-in Set-up Time tos 0 0 ns 
Seltrefresh2 = 100 ua «= GAS = CAS = Vu Data-in Hold Time ton 55 65 ns 
(Ta = 0°C to + 45°C) WE = Vi ; ; 
—=—— Data-in Hold Time 1 1 
CAS = GND; Referenced to RAS tour = ” om 
Self-refresh 3 lopto ® RAS = Vi; 
WE = Vpp/GND Refresh Period trer 2 2 ns 
Input Leakage Current I.) -10 10 pA WE Command Set-up Time _twes —10 —10 ans 
Output Leakage Current Io.) -10 10 yA CAS to WE Delay tcwo 80 100 ns 
Output Low Voltage Vo, 0 04 V Io =4.2mA RAS to WE Delay tawo 180 235 ns 
Output High Voltage Vou 2.4 Vop loy = —5mA Page Mode Cycle 
Note: © According to Figure 1. 
°o Ing igu Limits 
= ee 4265-20 4265-25 Test 
AC Characteristics Parameter Symbol Min Max Min Max Unit Conditions 
Ta = O°C to + 70°C; Von = 5V + 10% Read or Write Cycle Time tec 190 260 ns 
Read, Write, RMW, RAS-only Refresh Cycles Read Modify Write Cycle Time tcpy 230 280 ns 
CAS Prech Ti t 80 100 ns 
Lies recharge Time cP 
RAS Pulse Width trem 200 10000 25010000 ns 
4265-20 4265-25 Test — 
et pee CAS Pulse Width tcas 100 10000 12510000 ns 
Parameter Symbol Min Max Min Max Unit Conditions 
Vop Operating Current lpp 35 30 mA - Pulse Refresh Cycle (Latched Pulse Refresh) 
Vop RAS-only 
Refresh Current loos - > me Looks : 
Vpp Page Current lppa 20 17 mA i a Test 
Parameter Symbol Min Max Min Max Unit Conditions 
Random Read or t 335 410 ie 
Write Cycle Time AC Vpp Pulse Refresh Current lpp7 25 20 mA 
Read, Write Cycle Time tawe 370 465 ns Pulse Refresh Cycle Time tec 335 410 ns 
Access Time from RAS trac 200 250 ns RAS to RFSH Delay trep 120 150 ns 
Access Time from CAS teac 100 125 ns RFSH Pulse Width teas 80 1000 80 1000 ns 
Output Buffer Turn-off Delay torr 0 50 0 60 ns RFSH Precharge Time tep 120 120 ns 
Transition Time ty 3 50 3 60 ns RFSH to RAS Delay tesr 30 30 ns 
RAS Precharge Time tap 120 150 ns Set-up Time tren one : ss 
RAS Pulse Width tras 200 10000 250 10000 ns tec pie an 80 80 a 
RAS Hold Time trsy 100 125 ns 
ee RAS to RFSH Set-up 
CAS Pulse Width tcas 100 10000 125 10000 ns (Latched Pulse) tres 455 560 ns 
CAS Hold Time tesy 200 250 ns 
RAS to CAS Delay Time leon 30 100 35 125 ns Self-refresh Cycle 
CAS to RAS Precharge Time _tcrp 0 0 ns Limits 
ihe cl topy 30 35 ns 4265-20 4265-25 Test 
—— Parameter Symbol Min Max Min Max Unit Conditions 
RAS Precharge t 0 0 ‘ia —_—=—=_=_=_ 
CAS Hold Time RPC RAS to RFSH Delay trep 120 150 ns 
Row Address Set-up Time tasr 0 0 ns RFSH Pulse Width teas 8000 8000 ns 
Row Address Hold Time teeais 20 25 ns RFSH to RAS Delay ters 365 445 ns 
Column Address Set-up RAS Hold Time terH 8000 8000 ns 
Ti tasc 0 0 ns — — 
me RAS to RFSH Set-up Time tasr i) 0 ns 
Column Address Hold Time —_tcax 55 65 ns RFSH to CAS Delay tecp 0 1000 0 1000 ns 
Salunin Access THe 5 155 190 - RFSH to WE Delay tewo 0 1000 0 1000 ns 
Referenced to RAS —=— —_=— 
Read C a letcuo Ti ; 5 > RFSH to CAS Set-up Time tecs 0 0 ns 
ead Command Set- ——— 
a 7. — ae ras RFSH to WE Set-up Time Tae 0 0 ns 
lead Command Hold Time —=—_ => 
Read Command Hold Time, 0 0 - WE Pulse Width tewe 1 1 BS 
Referenced to CAS RCH WE Pulse Cycle Time tewe ® ®O us 
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Figure 1. Ippj9 VS. tewc VS. Ta 
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Timing Waveforms 
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Timing Waveforms (Cont.) 
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Self-refresh Cycle 3 
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NEC uPD41256 
262,144 x 1-BIT 
NEC Electronics Inc. DYNAMIC NMOS RAM 
Revision 1 
Description Performance Ranges 
The pPD41256 is a 262,144-word by 1-bit dynamic N- — ais fe 
channel MOS RAM designed to operate from a single _pevice (Max) (Min) (Min) 
+5 V power supply. The negative voltage substrate bias 7PD41256-12 Ons 790 ns 765 ns 
is automatically generated internally. aoe on ns einai cin nie RNS aNT at 
uPD41256-15 150 ns 260 ns 310 ns 
The »PD41256 offers a direct upgrade from the 64K uPD41256-20 enous 330ns 390 ns 


uPD4164 achieving a four-fold increase in bit density at 
the board level. 


Pin Configurations 
The pPD41256 utilizes double poly layer N-channel 9 


silicon-gate processing which provides for high storage 16-Pin Plastic DIP 
cell density, high performance, and high reliability. 


The pPD41256 utilizes a single transistor dynamic stor- 
age cell and advanced dynamic circuitry throughout, 
including the 1024 sense amplifiers, which ensures that 
power dissipation is minimized. 


The three-state output is controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. The 
data output then is returned to the high impedance 
state by returning the CAS to the high state. The 
uPD41256 hidden refresh feature allows CAS to be held 
low to maintain output data while RAS is used to exe- 
cute RAS-only refresh cycles. 


83-001974A 


Refresh is accomplished by performing RAS-only re- 
fresh cycles, hidden refresh cycles, CAS before RAS re- 
fresh cycles, or normal read or write cycles on the 256 
address combinations of Ag-A7, during a4 ms period. 


uPD41256 


Features 


262,144 x 1-bit organization 

High density packaging: DIP, PLCC, ZIP 
Multiplexed address inputs 

Single +5V, +10% power supply 83-001111A 
On-chip substrate bias generator 

Low power dissipation: 28 mW standby (max) 
Nonlatched output is three-state, TTL-compatible 
All inputs TTL-compatible, and low input 
Capacitance 

256 refresh cycles (Ag-A7 pins for refresh address) 
Page mode operation —_ 
RAS-only refresh, hidden refresh, and CAS before 
RAS refresh cycles (see Note 16) 


OOO OAOOOOoOoOoO 
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Pin Indentification 


Plastic DIP 

No. Symbol Function 
1,5-7,9-13  Ag-Ag Address inputs 

2 Din Data input 

3 WE Write enable input 

4 RAS Row address strobe 

8 Vec +5 V power supply input 
14 Dout Data output 

15 CAS Column address strobe input 
16 GND Ground 

Plastic PLCC 

No. Symbol Function 
1, 6-8 Ag-Ag Address inputs 

10-13, 15 

2 Din Data input 

3 WE Write enable input 

4 RAS Row address strobe 

5, 14 NC No connection 

9 Voc +5 V power supply input 
16 DouT Data output 

17 CAS Column address strobe input 
18 GND Ground 

Block Diagram 


RAS Clock 
Generator 


CAS Clock 
Generator 
CAS 


CAS before RAS 


Internal 
Refresh 


Plastic ZIP 
No. Symbol 


1,5, $11, Ao-Ag 
13-16 


2 Dout 
3 CAS 
4 GND 
6 Din 
7 WE 
8 RAS 
12 Voc 


WE Clock 
Generator 


Crock Data 1/0 Bus 


Refresh 
Address 
Counter 


ae 


& . 
- = @ 
5 2 ; 3 
213 g 
3 = 
= 3 é 


Column Decoder 
Sense Amplifier 


Memory Array 


NEC 


Function 
Address inputs 


Data output 

Column address strobe input 
Ground 

Data input 

Write enable input 

Row address strobe 

+5 V power supply input 


Data-in 
Buffer 


Data-out 
Buffer 
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NEC 


Absolute Maximum Ratings 


Power supply voltage, Voc -—1.0V to +7.0V 
Operating temperature, Ta (ambient) 0 to 70°C 
Storage temperature, Tstg — 55 to 150°C 
Power dissipation, Pp 1W 
Short-circuit output current, los 50 mA 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


DC Characteristics 
Ta =0°C to 70°C, Veg = 5V + 10%, GND=0V 
sin Test 

Parameter Symbol Min Typ Max Unit Conditions 

Standby supply Ica 5.0 mA RAS=Viy 

Current Doyt=High 
impedance 

Input leakage = Ii) —10 10 HA Vin=OVto5.5V, 

Current all other pins not 
under test=0V 

Output leakage = Iq) —10 10 vA Dour is disabled, 

current VouT=0V 
to5.5V 

Output voltage Vo, 0 0.4 VV loyt=4.2mA 

low 

Output voltage Voy 2.4 Vec Vs loyt=—5mA 

high 


Supply voltage Vcc 4.5  §.0 5.5 
Supply voltage GND 0 0 0 


Input voltage Vit -1.0 0.8 

low 

Input voltage Vin 2.4 5.5 V 
high 


uPD41256 

Capacitance 
Ta =0°C to +70°C, Voc = 5.0 V + 10%, f = 1.0 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Ci ) PF Ag-Ag, Din 
Capacitance 
Input Cio 8 pF RAS, CAS, WE 
Capacitance 
Output Cout Yi PF Doyt 
Capacitance 
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AC Characteristics (Notes 2, 3, 4) 
0°C< Ty < 70°C, Vog = 5 V + 10% (Note 1) 


Limits 
uPD41256 uPD41256 uPD41256 
-12 -15 -20 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Operating supply current, average loc 83 70 60 mA RAS, CAS cycling, 
trc=tro min, 
(Note 5) 

Operating supply current, refresh mode, !cc3 65 55 50 mA RAS cycling, 

average CAS=Viu, 
tro=trc min, 
(Note 5) 

Operating supply current, page mode = Icc4 60 55 50 mA RAS =ViL, 

operation, average CAS cycling, 
tpc=tpc min, 
(Note 5) 

Random read or write cycle time tre 220 260 330 ns (Note 6) 

Read-write cycle time trwe 265 310 390 ns (Note 6) 

Page mode cycle time tpc 120 145 190 ns (Note 6) 

Access time from RAS trac 120 150 200 ns (Notes 7, 8) 

Access time from CAS toac 60 75 100 ns (Notes 7, 9) 

Output buffer turn-off delay torr 0 30 0 35 0 45 ns (Note 10) 

Transition time, rise and fall ty 3 50 3 50 3 50 ns (Note 4) 

RAS precharge time trp 90 100 120 ns 

RAS pulse width tras 120 10,000 150 10,000 200 10,000 ns 

RAS hold time tRSH 60 75 100 ns 

CAS pulse width toas 60 10,000 75 10,000 100 10,000 ns 

CAS hold time tesH 120 150 200 ns 

RAS to CAS delay time trcp 25 60 25 75 30 100 ns (Note 11) 

CAS to RAS precharge time torp 10 10 10 ns (Note 12) 

CAS precharge time, non-page cycle topn 25 29 30 ns 

CAS precharge time, page cycle top 50 60 80 ns 

RAS precharge CAS hold time trpc 0 0 0 ns 

ROW address setup time tasr 0 0 0 ns 

ROW address hold time tRaH 15 15 20 ns 

Column address setup time tasc 0 0 0 ns 

Column address hold time tCAH 20 295 30 ns 

Column address hold time referenced to tar 80 100 130 ns 

RAS 

Read command setup time tres 0 0 0 ns 

Read command hold time referenced to — tray 20 20 25 ns (Note 13) 

RAS 

Read command hold time referenced to — troy 0 0 0 ns (Note 13) 

CAS 

Write command hold time tWCcH 30 40 50 ns 

Write command hold time referencedto twcr 90 115 150 ns 

RAS 

Write command pulse width twp 20 29 30 ns 


on 
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AC Characteristics (Notes 2, 3, 4) (cont) 
0°C< Ty < 70°C, Vog = 5 V + 10% (Note 1) 


Limits 
uPD41256 uPD41256 uPD41256 
-12 ~15 -20 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Write command to RAS lead time tRWL 40 45 05 ns 

Write command to CAS lead time towL 40 45 55 ns 

Data-in setup time tos 0 0 0 ns (Note 14) 
Data-in hold time toy 30 40 50 ns (Note 14) 
Data-in hold time referenced to RAS toHR 90 115 150 ns 

Refresh period treF - 4 4 ms 

WE command setup time twes 0 0 0 ns (Note 15) 
CAS to WE delay towo 60 75 100 ns (Note 15) 
RAS to WE delay trwo 120 150 200 ns (Note 15) 
CAS set-up time for CBR refresh tosr 10 10 10 ns (Note 16) 
CAS hold time for CBR refresh tcHR 30 30 35 ns (Note 16) 


Notes: 
(1) All voltages referenced to GND. 


(2) An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 
(3) AC measurements assume ty = 5ns. 
(4) Viy (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj}, and V),. 


(5) loc Iocg and Ioc4 depend on output loading and cycle rates. Specified values are obtained with the output open. 


(6) The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature range (Ta = 0°C to 70°C) is 
assured. 


(7) Load =2 TTL loads and 100 pF. 


(8) Assumes that tacp < trop (max). If tacp is greater than the maximum recommended value shown in this table, trac will increase by the amount 
that tacp exceeds the value shown. 


(9) Assumes that trop 2 trcp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_. 


(11) Operation within the tacp (max) limit insures that trac (max) can be met. tacp (max) is specified as a reference point only. If tacp is greater than 
the specified trop (max) limit, then access time is controlled exclusively by tcac. 


(12) torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tary or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed Write or Read-Modify-Write 
cycles. 


(15) twos, tewp:; and tawp are restrictive operating parameters in Read-Write and Read-Modify-Write cycles only. If twos 2 twcs (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If tewp 2 towp (min) and trawp 2 trwp (min), the 
cycle is a Read-Write and the data output will contain data read from the selected cell. If nither of the above conditions are met, the condition of 
the data out (at access time and until CAS goes back to V}}) is indeterminate. 


(16) P process code products do not have the CAS-Before-RAS Refresh feature. DIP products with process codes L or F and PLCC products with 
process code E have the CBR feature. On DIP products with process code P the external address inputs are required in Hidden Refresh cycles 
and the address timing must satisfy tagp and tray, which are specified with respect to the RAS falling edge. 
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Timing Waveforms 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


Page Mode Read-Write/Read-Modify-Write Cycle 


tras 
tap—> 
} tcrp tcp 
| tacos | tcas i 
[nw NE : : 
_ 5 | toan 
PKK» 


WU 


"hain <a 


Lind a LAL 


tos on 
WM, LD XE LLL LD CE ALI 


_— Valid _ Valid teac ais d 
t Data Data t 
AAC —r| FF nae torr Data OFF 
Impedance 


Memory Cycle 


tRc 


tRAS 


I. 
d 


: ot rene Se 


“ILL ~|\~SCEEELEEE LEE 


torF 


een, 09 7, 


5-18 


NEC 


Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle (Process Code L, F,E) (Note 16) 


Vou — High Impedance 
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NV EC uPD41257 
. 262,144 x 1-BIT 

NEC Electronics Inc. DYNAMIC NMOS RAM 
Revision 1 


Description Pin Configurations 


The NEC uwPD41257 is a 262,144-word by 1-bit dynamic 
N-channel MOS random-access memory (RAM) de- 
signed to operate from asingle +5 V power supply. The 
negative voltage substrate bias is automatically gen- 
erated internally. 


Plastic DIP 


The wPD41257 utilizes double polylayer N-channel 
silicon gate processing which provides for high storage 
cell density, high performance, and high reliability. 


| ed 
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The device also utilizes a single transistor dynamic 
storage cell and advanced dynamic circuitry through- Shes 
out, including the 1024 sense amplifiers, which ensures 
that power dissipation is minimized. 


The three-state output is controlled by CAS inde- 
pendently of RAS. The device is capable of nibble 
mode operation on either read or write cycles by 
cycling CAS. 


Refresh is accomplished by utilizing a CAS before RAS 
cycle that will enable the internal generation of the 
refresh address. Refresh can also be accomplished 
using RAS-only refresh, hidden refresh, or normal read 
or write cycles on the 256 address combinations of 
Ag-A7, during a 4 ms period. 
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Features 83-003272A 

L) 262,144-word x 1-bit organization ; _. ; 

C0 High density plastic DIP and PLCC packaging Pin Identification 

L) Multiplexed address inputs 

O Single +5 V + 10% power supply Plastic DIP 

L] Nibble mode on read or write or read-modify-write No. Symbol Function 
cycles 1, 5-7, 9-13 Ao-Ag Address inputs 

L) CAS before RAS internal address refresh mode , Din Data input 

L) Low power dissipation: 713 aii 7 
—28 mW max (standby) 3 mE rite Bhaule 
—385 mW max (active, tao = 270 ns) 4 RAS Row address strobe 

L] Non-latched output, three-state, TTL-compatible 8 Vec Power supply (+5.0 V) 

OO All teri TTL-compatible, and low input 4 Dor ~~~~—sSODataoutput =” 
capacitance a 

0 256-cycle, 4 ms refresh (Ap-A7 pins for refresh BCA luminaires strobe 
address) 16 Vss Ground 


Performance Ranges 


Device Access Time R/W Cycle RMW Cycle 
uPD41257-15 150 ns 270 ns 310 ns 
uPD41257-20 200 ns 335 ns 390 ns 
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Pin Identification (cont) Absolute Maximum Ratings 
Voltage on any pin relative to Vss —1.0 to +7.0V 
PLCC ee eee 
Operating temperature, Tp 0 to +70°C 
No. Symbol Function = aR een aad =n ae 
Storage temperature, Tstg —55 to +150°C 
1, 6-8, 10-13, 15 Ag-Ag Address inputs Se 
: Short-circuit output current 50 mA 
2 Din Data input ee 
— Power Dissipation, Pp 1W 
3 WE Write enable eT 


ne nara rae elias Comment: Exposing the device to stresses above those listed in 
4 RAS Row address strobe Absolute Maximum Ratings could cause permanent damage. The 
5, 14 NC No connection device is not meant to be operated under conditions outside the 
0 ee a limits described in the operational sections of this specification. 


9 Voc Power supply (+9.0 V) Exposure to absolute maximum rating conditions for extended 
16 DouT Data output periods may affect device reliability. 
17 CAS Column address strobe : 
—____________________"__I____———-_ Capacitance 
18 Vss Ground Ta = 0 to +70°C; Vog = +5.0 V +10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Ci 5 PF — Ap-Ag, Din 
Capacitance 
Input Cio 8 pF RAS, CAS, WE 
Capacitance 
Output Co 7 pF Dour 


Capacitance 


Block Diagram 


RAS Clock 
Generator 


CAS Clock 
Generator 


WE Clock 
Generator 


CAS before RAS 


Internal 
Refresh 
Clock 


Refresh 
AAdirest Data /O Bus aa 


4bit Shift Register 
and Switches 


Sense Amplifier 


Counter tata 
Column Decoder 


256 x 1024 
Memory Array 


Address Buffer 
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DC Characteristics 
Ta =0 to +70°C; Vog = 5.0 V + 10%; Vgg =O V 


Limits 


cio csp lightens Test 
Parameter Symbol Min Typ Max Unit Conditions 
Power supply standby current loco 5 mA RAS = Vin, Dour = high impedance 
Input leakage current N(L) —10 10 uA Any input Vij =0V to Vcc, all other pins 
not under test = 0 V 

Output leakage current lo(L) = 10 HA Doyt is disabled, Voyt = 0 to 5.5 V 
Output high (logic 1) voltage Vou 2.4 Voc V lour = —5 mA 
Output low (logic 0) voltage VoL 0 0.4 V louT = 4.2 mA 
Supply voltage Voc 45 5.0 55 V 

Vss 0 0 0 V 
Input high (logic 1) voltage, Vin 2.4 oh) V 
all inputs 
Input low (logic 0) voltage, Vit —1.0 0.8 V 
all inputs 
AC Characteristics 
Ta = 0 to +70°C; Veco = 5.0 V + 10% 

Limits 
vPD41257-15 uPD41257-20 Test 

Parameter Symbol Min Max Min Max Unit Conditions 
Standard Operation 
Average power supply loct 70 60 mA RAS, CAS cycling, trac = tac min 
Operating current (Note 5) 
Average power supply loc3 60 55 mA RAS cycling, CAS = Viy, tac = tac min 
current, refresh mode (Note 5) 
Random read or write tac 270 335 ns (Note 6) 
cycle time 
Read-write cycle time trwe 310 390 ns (Note 6) 
Access time from RAS tRAc 150 200 ns (Notes 7, 8) 
Access time from CAS tcac 75 100 ns (Notes 7, 9) 
Output buffer turn-off torr 0 40 0 50 ns (Note 10) 
delay 
Transition time tT 3 35 3 50 ns (Note 4) 
(rise and fall) 
RAS precharge time trp 100 120 ns 
RAS pulse width tRAS 150 10,000 200 10,000 ns 
RAS hold time trsH 75 100 ns 
CAS pulse width tcas 75 10,000 100 10,000 ns 
CAS hold time tcsH 150 200 ns 
RAS to CAS delay time trop 30 75 35 100 ns (Note 11) 
CAS to RAS precharge torp 0 0 ns (Note 12) 
time 
CAS precharge time ton 30 35 ns 
RAS precharge CAS trpc 0 0 ns 
hold time 
Row address set-up tasR 0 0 ns 
time 
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AC Characteristics (cont) 


NEC 


Ta = 0 to +70°C; Veco = 5.0 V + 10% 


Test 


Parameter Symbol Min Max Min Max 


Unit 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


(Note 13) 


(Note 13) 


Conditions 


Write command pulse twp 45 55 


Write command to RAS _—_trwi 45 55 


ns 


Write command toCAS — tcw. 45 55 


ns 


Data-in set-up time tps 0 0 


ns 
ns 


(Note 14) 


Data-in hold time tpH 45 55 


(Note 14) 


Data-in hold time tpHR 120 155 


Limits 

uPD41257-15 uPD41257-20 
Row address hold tRAH 20 25 
time 
Column address set-up tasc 0 0 
time 
Column address hold ICAH 45 55 
time 
Column address hold _ tar 120 155 
time referenced to RAS 
Read command set-up trcs 0 0 
time 
Read command hold _ tRRH 20 25 
time referenced to RAS 
Read command hold _ tRCH 0 0 
time referenced to CAS 
Write command hold tWcH 45 59 
time 
Write command hold _ twcr 120 155 
time referenced to RAS 
width 
lead time 
lead time 
referenced to RAS 
Refresh period tReF “ 4 
WE command set-up twcs 0 0 
time 
CAS to WE delay tcwp 75 100 
RAS to WE delay trwo 150 200 
Nibble Mode Operation 
Average power supply Icce 2/7 27 
current, nibble mode 
Operation 
Nibble mode cycle time — tn 70 100 
Nibble mode access time —_tnac 35 50 
Nibble mode precharge tp 29 40 
time 
Nibble mode WE pulse tNwe 30 40 
width 
Nibble mode CAS pulse _—tnas 35 50 
width 
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ns 


ms 
ns 


ns 
ns 


MA 


ns 
ns 
ns 


ns 


ns 


(Note 15) 


(Note 15) 
(Note 15) 


RAS = Vi, CAS cycling, tyc = tyc min 


(Note 5) 


(Note 6) 
(Note 7) 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = 5.0 Vt 10% 


Limits 

uPD41257-15 uPD41257-20 — 
Parameter Symbol Min Max Min Max Unit Conditions 
Nibble mode RAS hold tNRSH 35 50 ns 
time 
Nibble mode CAS to tncwp 35 50 ns 
WE delay 
Nibble mode WE to tNcWL 35 50 ns 
CAS lead time 
CAS Before RAS Refresh Operation 
Average power supply —Iccq 60 55 mA RAS cycling, CAS = Vj,, tac = tac min 
current, CAS before RAS (Note 5) 
refresh mode 
CAS set-up time for CAS __tcsp 10 10 ns 
before RAS refresh 
CAS hold time forCAS —tcyR 30 30 ns 
before RAS refresh 
Note: 


(1) An initial pause of 100 us is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(2) AC measurements assume ty = 5 ns. 

(3) Viy (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj, and Vj. 
(4) All voltages referenced to Vss. 

(5) Ioc1, locos, loca, and Iccgg depend on output loading and cycle rates. Specified values are obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load =2 TTL loads and 100 pF. 


(8) Assumes that tacp S<trcp (max). If taop is greater than the maximum recommended value in this table, taac increases by the amount that 
trop exceeds the value shown. 


(9) Assumes that tacp = trcp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo;. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if taco is 
greater than trop (max), access time is controlled exclusively by tcac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tray Or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos, towp, and trwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos =twcs (min), the cycle is 
an early write cycle and the data output pin will remain open circuit throughout the entire cycle. If towp = tewp (min) and trwp = trwp 
(min), the cycle is a read-write cycle and the data output pin will contain data read from the selected cell. If neither of the above conditions 
is met, the condition of the data output pins(at access time and until CAS returns to Vip) is indeterminate. 
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Timing Waveforms 


Read Cycle RAS-Only Refresh Cycle 


addressss ZA KR KIIvoyvyyagww#wv 
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High 
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Write Cycle (Early Write) 
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Add 
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High 
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Timing Waveforms (cont) 


Nibble Mode Read-Modify-Write Cycle CAS Before RAS Refresh Cycle 


Address lou Joan GUMMY, 
we “LL Saat 


ve TNL 
ae ZK tial 


Memory Cycle 


trRc 


tRAS 


tcCas 


a 
tASR K 
ce Td, J MLL 


tRRH 


Fn LLL CLL LLL LLL 


toFF 


tRAC 


High 
Impedance 


83-001978B 


5-27 


yPD41257 


NEC 


NEC Electronics Inc. 


Description 


The pPD41416 is a 16,384-word by 4-bit dynamic N- 
channel MOS RAM designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is internally generated; its operation is both automatic 
and transparent. The ywPD41416 utilizes a double- 
polylayer, N-channel, silicon gate process which pro- 
vides high storage cell density, high performance, and 
high reliability. 


The pPD41416 uses a single transistor dynamic storage 
cell and advanced dynamic circuitry throughout, ensur- 
ing minimum power dissipation. Refresh is accom- 
plished by performing RAS-only refresh cycles, hidden 
refresh cycles, or normal read or write cycles on the 128 
address combinations of Ag-Ag during the refresh per- 
iod of 2 milliseconds. 


Multiplexed address inputs permit the .PD41416 to be 
packaged in a standard 18-pin dual-in-line package for 
high system bit density. 


Features 


LJ 16,384-word x 4-bit organization 

LJ Single +5V power supply +10% 

(J Standard 18-pin plastic package 

L) CAS, OE or early write mode to control Doyt buffer 
impedance 

_] Low power dissipation, 
—Active (tac = min): 303 mW 
—Standby: 28 mW 

1) Read, write, read-write, read-modify-write. RAS-only 
refresh, hidden refresh, and page mode capabilities 

LJ) 128 refresh cycles during 2ms period 


Performance Ranges 


Device trac tcac toca 
uPD41416-12 120 ns 60 ns 30 ns 
uPD41416-15 150 ns 75 ns 40ns 
uPD41416-20 200 ns 100 ns 50 ns 


uPD41416 
16,384 x 4-BIT 
DYNAMIC NMOS RAM 


Revision 2 


Pin Configuration 


© 
- 
vt 
r 
vt 
Qa 
a 
2 
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Pin identification 


No. Symbol Function 

1 OE Output enable 

2-3, 15, 17 1/04-1/04 Data input / output 

4 WE Write enable 

5 RAS Row address strobe 

6-8, 10-14 Ao-A7 Address inputs: 
Ag-As5 =Column address inputs 
Ao-Ag = Refresh address 
Ao-A7 = Row address inputs 

9 Voc +5 V power supply 

16 CAS Column address strobe 

18 GND Ground 
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Block Diagram 
RAS — 
RAS Clock 
Generator 
CAS Clock 
CAS Generator 


1/04 
| 


Ao —+> 
Ay — 
A2 -—~> h $s 
§ 5 5 
A3 —> ry ts) 3 
Aq —>| = é & 
é 3 = 
As —e> < 3 
As —> 7 
A7 —> 


Absolute Maximum Ratings 


Voltage on any pin relative to GND -1.0V to +7.0V 
Storage temperature, Tstg —55°C to 125°C 
Short-circuit output current, Ios 50 mA 
Power dissipation, Pp 1.0W 


Comment: Exposing the device to stresses above those listed in Abso- 


lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Capacitance 
Ta =0°C to +70°C, Voc = 5.0 V 10%; f = 1.0 MHz 
Limits Test 
Parameter Symbol Min Typ Max _— Unit Conditions 
Input Ci ) pF 
Capacitance, 
address inputs 
Input Cio 8 pF 
Capacitance, 
strobe inputs 
Input/output Ci 9 7 pF 
Capacitance, 
data ports 
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NEC 


WE Clock 
Generator 


OE Clock 
Generator 


Data-in 


Data 1/O Bus | Buffer 


Data-out 


Buffer 


128 x 512 


Memory Array 


_— 83-001776B 
DC Characteristics 
Ta =0°C to +70°C 
cine Test 
Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage, Vcc 45 5.0 5.0 V 
high 
Supply voltage, GND 0 0 0 V 
low 
Standby supply Ico 5.0 mA RAS=Vin, 
Current Doyut=High 
impedance 
Input leakage — Ii) — 10 10 vA OV<Vin< Veco, 
Current all other pins not 
under test=0V 
Output leakage = !q/L) -10 10 vA  Doyt is disabled, 
Current OV<Voyt< 
+5.5V 
Output voltage, Vo. 0 0.4 V loyt=4.2mA 
low 
Output voltage, Voy 2.4 VV loyt=—2mA 
high 
Input voltage, Vi, -1.0 0.8 V 
low 
Input voltage,  Vjy 2.4 a0 V 
high 


NV. KE Cc uPD41416 


AC Characteristics (Notes 2, 3, 4) 
Ta = 0°C to +70°C, Veg = 5.0 V + 10% (Note 1) 


Limits 
~ yPoat4t6-12—~»PDA1416-15_—~PDa1416-20__ - 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 

Operating supply current, average loct 55 50 45 mA RAS, CAS cycling, 
trc=trc min, (Note 5) 

Operating supply current, refresh mode, !cc¢3 45 40 35 mA RAS cycling, 

average CAS=Vjy, tac=tec 
min, (Note 5) 

Operating supply current, page mode lec4 45 40 35 mA RAS = Vit, 

operation, average CAS cycling, tpo =tpo 
min, (Note 5) 

Random read or write cycle time tro 220 260 330 ns (Note 6) 

Read-write cycle time tawe 300 355 445 ns (Note 6) 

Page mode cycle time tec 120 145 180 ns (Note 6) 

Access time from RAS trac 120 150 200 ns (Notes 7, 8) 

Access time from CAS tcac 60 75 100 ns (Notes 7, 9) 

Output turn-off delay from CAS tore 0 30 0 40 0 50 ns (Note 10) 

Transition time, rise and fall tr 3 50 3 50 3 50 ns (Note 4) 

RAS precharge time trp 90 100 120 ns 

RAS pulse width tras 120 10,000 150 10,000 200 10,000 ns 

RAS hold time trsH 60 75 100 ns 

CAS pulse width teas 60 10,000 75 10,000 100 10,000 ns 

CAS hold time tosH 120 150 200 ns 

RAS to CAS delay time trop 25 60 25 fa 30 100 ns (Note 11) 

CAS to RAS precharge time toRp 0 0 0 ns (Note 12) 

CAS precharge time, non-page cycle _—tcpy 25 25 30 ns 

CAS precharge time, page cycle top 50 60 70 ns 

RAS precharge, CAS hold time tapc 0 0 0 ns 

Row address setup time tasR 0 0 0 ns 

Row address hold time tray 15 e 20 ns 

Column address setup time tasc 0 0 0 ns 

Column address hold time tCAH 20 25 30 ns 

Column address hold time referenced to tar 80 100 130 ns 

RAS 

Read command setup time tros 0 0 0 ns 

Read command hold time referenced to tray 20 20 20 ns (Note 13) 

RAS 

Read command hold time referenced to troy 0 0 0 ns (Note 13) 

CAS 

Write command hold time twox 35 45 95 ns 

Write command hold time referenced to twor 95 120 155 ns 

RAS 

Write command pulse width twp 35 45 0 ns 

Write command to RAS lead time taWL 40 45 55 ns 

Write command to CAS lead time towL 40 45 55 ns 

Data-in setup time tos 0 0 0 ns (Note 14) 


uPD41416 NV. E 


AC Characteristics (Notes 2, 3, 4) (cont) 
Ta = 0°C to +70°C, Veco = 5.0 V + 10% (Note 1) 


Limits 
 uPD41416-12 ss uPD41446-15 = uPD41416-20 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Data-in hold time tox Kis) 45 59 ns (Note 14) 
Data-in hold time referenced to RAS toHR 95 120 155 ns 

Refresh period tREF 2 2 2 ms 

WE command setup time twes 0 0 0 ns 

CAS to WE delay tewo 95 120 155 ns 

RAS to WE delay tawp 155 195 255 ns 

Access time from OE toga 30 40 50 ns 

Data delay time toep 30 40 50 ns 

OE command hold time toEH 0 0 0 ns 

Output turn-off delay from OE toez 0 30 0 40 0 50 ns (Note 10) 


Notes: 


(1) 
(2) 
(3) 
(4) 


All voltages referenced to GND. 

An initial pause of 100 us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

AC measurements assume ty = 5ns. 

Vin (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj, and Vj. 
loc1, Iocg and Ioc4 depend on output loading and cycle rates. Specified values are obtained with the outputs open. 


The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature range (Ta = 0°C to 70°C) is 
assured. 


Load = 2 TTL loads and 100 pF. 


Assumes that tacp < tracp (max). If tagp is greater than the maximum recommended value shown in this table, trac will increase by the amount 
that tacp exceeds the value shown. 


Assumes that taco 2 tacp (max). 
torr (max) and tog¢z (max) define the time at which the output achieves the open circuit condition and are not referenced to Voy or Vo. 


Operation within the tacp (max) limit insures that trac (max) can be met. tacp (max) is specified as a reference point only. If tacp is greater than 
the specified trop (max) limit, then access time is controlled exclusively by tcc. 


tcrp requirement should be applicable for RAS, CAS cycles preceded by any cycle. 
Either tany Or tacH must be satisfied for a read cycle. 


These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed write or read-modify-write cycles. 
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Timing Waveforms 


Read Cycle 
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tcaH 
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Read-Write/Read-Modify-Write Cycle 


tap 
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OE-Controlled Write Cycle 


83-001780A 


Notes: 
WE = Don't Care. 

A7 = Vin or Vic. 
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Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Page Mode Read Cycle 
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Page Mode Write Cycle (Early Write) 
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tcpn 


Address > Be ae bm 
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Description 


The uwPD41464 is a 65,536-word by 4-bit dynamic N- 
channel MOS random access memory (RAM) designed 
to operate from a single +5 V power supply. The nega- 
tive voltage substrate bias is generated internally; its 
operation is automatic and transparent. The wPD41464 
utilizes double polylayer N-channel silicon gate pro- 
cessing which provides high storage cell density, high 
performance, and high reliability. The device also uses 
a single transistor dynamic storage cell and advanced 
dynamic circuitry throughout, ensuring minimum 
power dissipation. 


The three-state I/O is controlled by CAS independently 
of RAS. After a valid read or hidden refresh cycle, data 
is held on the I/O by holding CAS low. The data I/O is 
returned to the high-impedance state by returning 
CAS high. The uwPD41464 hidden refresh feature allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 


Refresh is accomplished by using CAS before RAS 
cycles, enabling the internal generation of the refresh 
address. Refresh can also be accomplished by using 
RAS-only refresh or normal read or write cycles on the 
256 address combinations of Ap-A7 during the 4 ms 
refresh period. 


Features 


L] 65,536-word by 4-bit organization 
OO Single +5 V + 10% power supply 
LJ Standard 18-pin DIP and PLCC packages 
L) CAS before RAS internal address refresh mode 
CL] Multiplexed address inputs 
L] On-chip substrate bias generator 
L) Low power dissipation: 
— 28 mW (standby) 
— 440 mW (active, tac = trac min) 
CO) Non-latched TTL-compatible !/O 
CL) Low input capacitance 
L] 256 refresh cycles during 4 ms period 


Performance Ranges 


Device trac tcac toca Icc1 


uPD41464-10 100 ns 50 ns 25 ns 80 mA 
uPD41464-12 120 ns 60 ns 30 ns 75 mA 
uPD41464-15 150 ns 75 ns 40 ns 70 mA 


uPD41464 
65,536 x 4-BIT 
DYNAMIC NMOS RAM 


Revision 1 


Pin Configurations 


18-Pin DIP 


83-001968A 


18-Pin PLCC 
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Pin identification 


No. Symbol Function 

1 OE Output enable 

2,3, 15,17 1/04-1/04 Data 1/0 

4 WE Write enable 

5 RAS Row address strobe 
6-8, 10-14 Aop-A7 Address inputs 

9 Vec Power supply 

16 CAS Column address strobe 
18 GND Ground 
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Block Diagram 


CAS before RAS 


Counter 


; 
8 
é 256 x a 


Voltage on any pin relative to GND —1.0 to +7.0V 
Operating temperature, Topp 0 to +70°C 
Storage temperature, Ts—g =i (ititi(i‘sétét!*«C 8 tO +1250 
Short circuit output current, Igs 50 mA 
Power dissipation, Pp 1W 
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Absolute Maximum Ratings 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C, f= 1 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Ci 5 pF Ao-A7 
Input capacitance Cio 8 pF RAS, CAS, WE, OE 
Input/output capacitance Co 7 pF 1/04-1/04 


on 
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uUPD41464 
DC Characteristics 
Ta = 0 to +70°C; Vocg = 5.0 V 10% 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Supply voltage Voc 45 5.0 55 V Referenced to GND 
Input high voltage Vin 2.4 20 V Referenced to GND 
Input low voltage Vit —1.0 0.8 V Referenced to GND 
Standby current loco 5.0 mA RAS = CAS = Viy 
Input leakage current NN(L) 10 10 yA Vin = 0 to 5.5 V, all other pins not 

under test = 0 V 
Output leakage current lov) —10 10 uA 1/0 is High-Z, Vjjp9 =0 to 5.5 V 
Output low voltage VoL 0 0.4 lol = 4.2 mA 
Output high voltage Vou 2.4 Voc lon =—5 MA 
AC Characteristics 
Ta = 0 to +70°C; Voc = 5.0 V +10% 

uPD41464-10 uPD41464-12 uPD41464-15 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Operating current, average —Iccy 80 75 70 mA _ RAS, CAS cycling, tac = tac min 

(Note 5) 
Operating current, loc3 65 60 55 mA — RAS cycling, CAS = Vin, tac = tac min 
refresh mode, average (Note 5) 
Operating current, loc4 55 50 45 mA RAS =Vj,, CAS cycling, tpc = tpc min 
page mode, average (Note 5) 
Operating current, CAS lees 70 65 60 mA — RAS cycling, CAS = Vj, tag = tac min 
before RAS refresh mode, (Note 5) 
average 
Random read or trc 200 220 260 ns (Note 6) 
write cycle time 
Read-write cycle time trwc 270 300 355 ns (Note 6) 
Page mode cycle time tpc 100 120 145 ns (Note 6) 
Refresh period ter 4 4 4 ms 
Access time from RAS tRAc 100 120 150 ns __ (Notes 7, 8) 
Access time from CAS tcac 50 60 75 ns __ (Notes 7, 9) 
Output buffer turn-off torr 0 25 0 30 0 40 ns __ (Note 10) 
delay 
Transition time (rise iT 3 50 3 50 3 50 ns (Note 3) 
and fall) 
RAS precharge time trp 90 90 100 ns 
RAS pulse width tras 100 10000 120 10000 150 #10000 os 
RAS hold time trsH 50 60 75 ns 
CAS pulse width tcas 50 10000 60 10000 75 10000 ~=s ns 
CAS hold time tcsH 100 120 150 ns 
RAS to CAS delay time trcp 20 50 25 60 25 75 ns (Note 11) 
CAS to RAS precharge tcrP 10 10 10 ns (Note 12) 
time 
CAS precharge time, tcPN 25 25 25 ns 
non-page cycle 
CAS precharge time, top 40 50 60 ns 


page cycle 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Veg = 5.0 V 410% 


uPD41464-10 uPD41464-12 uPD41464-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
RAS precharge CAS trpc 0 0 0 ns 
hold time 
Row address setup time —tasr 0 0 0 ns 
Row address hold time tRAH 10 i) 15 ns 
Column address setup tasc 0 0 0 ns 
time 
Column address hold tcAH 15 20 25 ns 
time 
Column address hold tar 65 80 100 ns 
time referenced to RAS 
Read command setup trcs 0 0 0 ns 
time 
Read command hold _ tRRH 10 10 10 ns (Note 13) 
time referenced to RAS 
Read command hold _ trcH 0 0 0 ns (Note 13) 
time referenced to CAS 
Write command hold tWCH 25 30 40 ns 
time 
Write command hold _ tweor 75 90 115 ns 
time referenced to RAS 
Write command pulse twp 15 20 25 ns 
width 
Write command to RAS — trw. 35 40 45 ns 
lead time 
WritecommandtoCAS tow. 35 40 45 ns 
lead time 
Data-in setup time tos 0 0 0 ns (Note 14) 
Data-in hold time tox 25 30 40 ns (Note 14) 
Data-in hold time toHR 5 90 115 ns 
referenced to RAS 
Write command setup twes 0 0 0 ns (Note 15) 
time 
RAS to WE delay trwo 130 155 195 ns (Note 15) 
CAS to WE delay town 80 95 120 ns (Note 15) 
Access time from OE toga 25 30 40 ns 
Data delay time toep 25 30 40 ns 
OE command hold time toEH 0 0 0 ns 
Output turn-off delay toEz 0 29 0 30 0 40 ns 
from OE 
OE to RAS inactive setup —_togs 10 10 10 ns 
time 
CAS setup time for tosp 10 10 10 ns 
CAS before RAS refresh 
CAS hold time for CAS tcHR 20 25 30 ns 
before RAS refresh 
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Note: 


(1) An initial pause of 100 ws (RAS inactive) is required after power-up, followed by any 8 RAS cycles, before proper device operation is 
achieved. 


(2) AC measurements assume ty = 5 ns. 
(3) Viy (min) and Vi, (max) are reference levels for measuring timing of input signals. 
(4) All voltages referenced to GND. 


(5) loc1,!ocos: loc4, and locos depend on output loading and cycle rates. Specified values are obtained with the output open. For lot code K of 
uUPD41464-15, taco min must be 270 ns and Iocg = 60 mA. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. For lot code K of vPD41464-15, taco min must be 270 ns. 


(7) Load =2 TTL loads and 100 pF. 


(8) Assumes that tacp S trop (max). If tacp is greater than the maximum recommended value in this table, trac increases by the amount that 
trop exceeds the value shown. 


(9) Assumes that tacp = trcp (max). 
(10) torr (max) and togz (max) define the time at which the outputs achieve the open circuit condition and are not referenced to Voy or Vo_. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if tacp is 
greater than trcp (max), access time is controlled exclusively by tcac. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tapy Or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos, towp, 4nd trwp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos =twcs (min), the cycle is 
an early write cycle and the data I/O pins will remain high impedance throughout the entire cycle. If towp = tcwp (min) and tawp = tawp 
(min), the cycle is a read-write cycle and the data I/O pins will contain data read from the selected cells. If neither of the above conditions is 
met, the condition of the data I/O pins (at access time and until CAS returns to Vj) is indeterminate. 
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Timing Waveforms (cont) 


OE-Controlled Write Cycle Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
Page Mode Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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NW EC uPD411000 

. 1,048,576 x 1-BIT 
NEC Electronics Inc. DYNAMIC NMOS RAM 
PRELIMINARY INFORMATION 


Description Pin Configurations 


The uPD411000 is a page mode version 1,048,576-word 18-Pin Plastic DIP 
by 1-bit dynamic N-channel MOS random access 
memory (RAM). It is designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is automatically generated internally. The wPD411000 
utilizes advanced double-level polycide technology. 
The use of trench capacitors minimizes silicon area 
while providing high storage cell density, high per- 
formance, and high reliability. The device uses a single 
transistor dynamic storage cell and advanced dynamic 
circuitry throughout, ensuring minimum power 
dissipation. 
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The three-state output is controlled by CAS indepen-  26/20-Pin SOJ 
dently of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output is returned to the high-impedance 
state by returning CAS high. Hidden refresh allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 


Refresh may be accomplished by using a CAS before 
RAS cycle, enabling the internal generation of the 
refresh address. Refresh can also be accomplished by 
using RAS-only refresh or by a normal read or write 
cycle on the 512 address combinations of Ap-Ag during 
the 8 ms refresh period. 
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Features 
C 1,048,576-word by 1-bit organization Pin Identification 
L) Page mode operation 
C1 High density 18-pin plastic DIP (uPD411000C) Plastic DIP 
or 26/20-pin plastic SOJ (uPD411000LA) an Symbol Function 
LI Single +5 V +10% power supply , Dn Bata input 
LJ CAS before RAS internal address refresh mode — 
0 Low power dissipation: : WE Write enable 
— 28 mW standby (max) 3 RAS Row address strobe 
CL] Multiplexed address inputs 4 NC No connection 
L) On-chip substrate bias generator 5-8, 10-15 Ap-Ag Address inputs 
CL) Non-latched TTL-compatible three-state output 9 Voc Power supply 


L) Low input capacitance 16 AG 
CL) TTL-compatible inputs 


Column address strobe 


01) 512 refresh cycles during 8 ms period Vv DoutT Data output 
18 GND Ground 
Performance Ranges 
Row Access R/W RMW Page Mode 
Device Time (Max) Cycle (Min) Cycle (Min) Cycle (Min) 
uPD411000-10 100 ns 200 ns 270 ns 100 ns 
uPD411000-12 120 ns 220 ns 300 ns 120 ns 
uPD411000-15 150 ns 260 ns 355 ns 145 ns 
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Pin Identification (cont) 


Plastic SOJ 

No. Symbol Function 

1 Din Data input 

2 WE Write enable 

3 RAS Row address strobe 
4,5, 23 NC No connection 

6-8, 19-21 — No external lead 
9-12, 14-18, 22 Ao-Ag Address inputs 

13 Voc Power supply 

24 CAS Column address strobe 
25 Dout Data output 

26 GND Ground 


Block Diagram 


RAS Clock 
Generator 
4 Generator 


RAS 
Generator 

CAS WE Clock 

CAS before RAS Generator 


Internal 

Refresh Data-in 

— Data I/O Bus Buffer 
Column Decoder 
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Refresh 
Address 
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ES 
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Absolute Maximum Ratings DC Characteristics 
i, Se ee ee Ta = 0 to +70°C; Vee = 5 V + 10% 
Voltage on any pin relative to GND —1.0 to +7.0V 7 2 “ : 
Operating temperature, Topp 0 to +70°C ne Test 
Storage temperature, Toro 2=232St(“‘“‘<=CS*‘é~ BS YO HIRE Parameter Symbol Min Typ Max Unit Conditions 
»'STG = PRR RESP IT alata GS ERTS Ta SIRE GHA 
Shortcircuit outputcurrent #2 |. SOMA Supply voltage Veo 45 50 55  V_ Referenced to GND 
athe (CC Input high V 2.4 5.0 V Referenced to GND 
Power dissipation, Pp 1W eae if 
Comment: Exposing the device to stresses above those listed in Input low Vit =T 0.8 V Referenced to GND 
Absolute Maximum Ratings could cause permanent damage. The voltage 
device is not meant to be operated under conditions outside the —- 
limits described in the operational sections of this specification. Standby current Icc2 9.0 mA RAS = Vip, 
Exposure to absolute maximum rating conditions for extended Dout = Hi-Z 
periods may affect device reliability. Input leakage ly 10 10 wk Vp = 010587. 
c . current all other pins not 
he selina under test =0 V 
A — . —4 Zz SS 
=a Output leakage lot) —10 10 yA Doyt is disabled, 
Parameter Symbol Max Unit Conditions current Vout = 9 to 9.5 V 
Input capacitance Ci 5 pF Address, Dyn Output low Vo. 0 04 V_ lop =4.2mA 
Input capacitance Cio 8 pF RAS, CAS, WE voltage 
Output capacitance Cp 7 pF —- Dour ane high VoH 2.4 Veo V lon=—SmA 
voltage 
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AC Characteristics 


Ta =0 to +70°C; Voc = 5.0 V + 10% 


Parameter 
Operating current, average 


Operating current, RAS-only 
refresh mode, average 


Operating current, page mode 
Operation, average 


Operating current, CAS before 
RAS refresh mode, average 


Random read or write 
cycle time 


Read-write cycle time 
Access time from RAS 
Access time from CAS 
Output buffer turn-off delay 
Transition time (rise and fall) 
RAS precharge time 

RAS pulse width 

RAS hold time 

CAS pulse width 

CAS hold time 

RAS to CAS delay time 
CAS to RAS precharge time 


CAS precharge time, 
non-page cycle 


RAS precharge CAS hold time 
Row address setup time 

Row address hold time 
Column address setup time 
Column address hold time 


Column address hold time 
referenced to RAS 


Read command setup time 


Read command hold time 
referenced to RAS 


Read command hold time 
referenced to CAS 


Write command hold 
time 


Write command hold _ 
time referenced to RAS 


Write command pulse width 


Write command to 
RAS lead time 


Write command to CAS lead 
time 


Symbol 


loct 
loc3 


loc4 
loc6 
tro 


'RWC 
tRAC 
tcCAC 
tOFF 
tr 
tRP 
tRAS 
'RSH 
tcas 
tCSH 
tRCD 
tcRP 
tCPN 


tRPC 


tASR 
TRAH 
tASC 
tCAH 
tAR 


tacs 
tRRH 


tRCH 
tWCH 
twor 


twe 
TRWL 


toWL 


200 


100 


Max 
100 
85 


85 


90 


100 


90 


25 


50 


10000 


10000 


50 


Limits 


220 


Max 
90 
15 


7 


80 


120 


60 


30 


50 


10000 


10000 


60 


260 


uPD411000-10 yPD411000-12 .PD411000-15 
Min 


Max 
80 
65 


65 


70 


150 


7 


40 


50 


10000 


10000 


§ 


Unit 
mA 
mA 


mA 


mA 


ns 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


ns 
ns 
ns 
ns 
ns 
ns 


ns 
n 


nm 


n 


mn 


ns 


ns 


ns 
ns 


ns 


NEC 


Test 
Conditions 


RAS, CAS cycling, tac = tac min (Note 5) 


RAS cycling, CAS = Vin, tao = tag min 
(Note 5) 


RAS = Vi, CAS cycling, tpc = tpg min 
(Note 5) 


RAS cycling, CAS before RAS, 
tac = tac min (Note 5) 


(Note 6) 


Note 6) 
Notes 7, 8) 
Notes 7, 9) 
Note 10) 
(Note 4) 


( 
( 
( 
( 


(Note 11) 
(Note 12) 


(Note 13) 


(Note 13) 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = 5.0 V t 10% 


Limits 

"PD411000-10 _,PD411000-12 _,PD411000-15 oe 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Data-in setup time tos 0 0 0 ns (Note 14) 
Data-in hold time toH 25 30 40 ns (Note 14) 
Data-in hold time referenced toHR 75 90 115 ns 
to RAS 
Write command setup time twos 0 0 0 ns (Note 15) 
RAS to WE delay trwo 100 120 150 ns (Note 15) 
CAS to WE delay towo 50 60 75 ns (Note 15) 
CAS setup time for CAS tcsR 10 10 10 ns 
before RAS refresh 
CAS hold time for CAS tCHR 20 25 30 ns 
before RAS refresh 
Page cycle time tpc 100 120 145 ns (Note 6) 
CAS precharge time, page tcp 40 50 60 ns 
cycle 
Refresh period tREF 8 8 8 ms Addresses Ap-Ag 
Note 


1) All voltages referenced to GND. 
2) An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 


( 

( 

(3) AC measurements assume ty = 5 ns. 

(4) Vi (min) and Vj), (max) are reference levels for measuring timing of input signals. Transition times are measured between V) and Vj,. 
(5) loc1, loos: |oc4, and Iocg depend on output loading and cycle rates. Specified values are obtained with the output open. 

( 


6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta =0 to +70°C) is assured. 


(7) Load = 2 TTL loads and 100 pF. 


(8) Assumes that tacp Strcp (max). If taop is greater than the maximum recommended value in this table, trac increases by the amount that 
trop exceeds the value shown. 


(9) Assumes that taop = trcp (max). 
(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_- 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. trop (max) is specified as a reference point only; if tacp is 
greater than tacp (max), access time is controlled exclusively by tcac. 

(12) The terp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 

(1 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write 
or read-modify-write cycles. 


2 
3) Either tapy or tacH Must be satisfied for a read cycle. 


(15) twos, towp, 4nd tawp are restrictive operating parameters in read-write/read-modify-write cycles only. Iftwos =twes (min), the cycle is 
an early write cycle and the data output will remain open circuit throughout the entire cycle. If towp = tcwp (Min) and tawp =trwp (min), 
the cycle is a read-write cycle and the data output will contain data read from the selected cell. If neither of the above conditions is met, the 
condition of the data out (at access time and until CAS returns to Vj) is indeterminate. 
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Timing Waveforms 


Read Cycle Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 
Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Page Mode Read Cycle 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The wPD411001 is a nibble mode version 1,048,576- 
word by 1-bit dynamic N-channel MOS random access 
memory (RAM). It is designed to operate from a single 
+5 V power supply. The negative voltage substrate bias 
is automatically generated internally. The wPD411001 
utilizes advanced double-level polycide technology. 
The use of trench capacitors minimizes silicon area 
while providing high storage cell density, high perfor- 
mance, and high reliability. The device uses a single 
transistor dynamic storage cell and advanced dy- 
namic circuitry throughout, ensuring minimum power 
dissipation. 


The three-state output is controlled by CAS in- 
dependently of RAS. After a valid read or read-modify- 
write cycle, data is held on the output by holding CAS 
low. The data output is returned to the high-impedance 
state by returning CAS high. Hidden refresh allows 
CAS to be held low to maintain output data while RAS 
is used to execute RAS-only refresh cycles. 


Refresh may be accomplished by using a CAS before 
RAS cycle, enabling the internal generation of the 
refresh address. Refresh can also be accomplished by 
using RAS-only refresh or by normal read or write 
cycles on the 512 address combinations of Aop-Ag 
during the 8 ms refresh period. 


Features 


CL) 1,048,576-word by 1-bit organization 

LJ Single +5 V + 10% power supply 

LJ Nibble mode operation 

C1) High density 18-pin plastic DIP (uPD411001C) or 
26/20-pin SOJ (uwPD411001LA) 

L) Low power dissipation: 
— 28 mW standby (max) 

C1 CAS before RAS internal address refresh mode 

CL] Multiplexed address inputs 

L] On-chip substrate bias generator 

LCL) Non-latched TTL-compatible three-state output 

CL) Low input capacitance 

CL) TTL-compatible inputs 

CL) 512 refresh cycles during 8 ms period 


Performance Ranges 


Nibble Mode 

Row Access Read/Write RMW Access Time 
Device Time (max) Cycle(min) Cycle (min) (max) 
uPD411001-10 100 ns 200 ns 270 ns 25 ns 
uPD411001-12 120 ns 220 ns 300 ns 30 ns 
yPD411001-15 150 ns 260 ns 355 ns 35 ns 


uPD411001 


1,048,576 x 1-BIT 
DYNAMIC NMOS RAM 


Pin Configurations 
18-Pin Plastic DIP 


Pin Identification 


Plastic DIP 

No. Symbol 
1 Din 

2 WE 

3 RAS 
4 NC 
5-8, 10-15 Ap-Ag 
9 Voc 
16 CAS 
17 Dout 
18 GND 


uPD411001 


uPD411001 


83-003237A 


83-003520A 


Function 
Data input 
Write enable 
Row address strobe 
No connection 
Address inputs 
Power supply 
Column address strobe 
Data output 
Ground 
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Pin Identification (cont) Absolute Maximum Ratings 
Voltage on any pin relative to GND —1.0 to +7.0 V 
Plastic SOJ oe ee 
Operating temperature, Topp 0 to +70°C 
mh ayn! ——— Storage temperature, Tstg —55 to +125°C 
Jailed a Way vata 0 Short circuit output current 50 mA 
3 WE Write enable ee ee ee ee en ee ee 
— Power dissipation, Pp 1W 
4 RA Row address strobe SSS rrr 
ES? e nk eS Comment: Exposing the device to stresses above those listed in 
9 NC No connection Absolute Maximum Ratings could cause permanent damage. The 
6-8 ,19-21 _ No external lead device is not meant to be operated under conditions outside the 
¢ 2 i ; limits described in the operational sections of this specification. 
i Ra: Exposure to absolute maximum rating conditions for extended 
13 Voc Power supply periods may affect device reliability. 
22 OE Output enable 
23 CAS Column address strobe 
26 GND Ground 


Block Diagram 


RAS Clock 
Generator 


CAS Clock 
Generator 


aed. ar WE Clock 
CAS before RAS Generator 


Internal 
Refresh 
Clock Data I/O Bus Data-in 
Buffer 


Refresh Column Decoder 
Address 


Counter 
Sense Amplifier 
Data-out 


Buffer 


4-Bit Shift Register 
and Switches 


Memory Array 


Multiplexer 
Address Buffer 
Row Decoder 


83-003238B 
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DC Characteristics Capacitance 
Ta = 0 to +70°C; Veg = 5 V 10% Ta = 25°C, f= 1 MHz 
Limits ra raat 
Parameter Symbol Min Typ Max Unit Conditions caromnaier . sma mas ian eoenitone 
Supply voltage Veo 4.5 5.0 5.5 V Referenced to GND me a ala “ a sae TEV 
nput capacitance 

Input high iu BA 55  V_ Referenced to GND sleet I: : 
voltage Output capacitance Cp 7 pF DouT 
Input low Vii = 1.0 0.8 $V Referenced to GND 
voltage 
Standby current loca 5.0 mA RAS=Vin, 

Dout = Hi-Z 
Input leakage Kt) —10 10 pA Vin=0to 5.5 V, 
current all other pins not 

under test =0 V 
Output leakage loi) —10 10 wA  Doyt is disabled, 
current Vout = 0 to 5.5 V 
Output low VoL 0 04 V = Ip, =4.2mA 
voltage 
Output high Von 2.4 Veo V~ loy=—5 mA 
voltage 
AC Characteristics 
Ta = 0 to +70°C; Vog = 5.0 V + 10% 

Limits 
vPD411001-10 yPD411001-12 .PD411001-15 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Operating current, average loc 100 90 80 mA RAS, CAS cycling, tac = trc min (Note 5) 
Operating current, RAS-only loc3 85 75 65 mA RAS cycling, CAS = Vin, tac = tac min 
refresh mode, average (Note 5) 
Operating current, nibble mode —Icc¢s5 40 35 30 mA RAS =Vj,, CAS cycling, ty = tyc min 
Operation, average (Note 5) 
Operating current, CAS before —Iccg 90 80 70 mA RAS cycling, CAS before RAS, 
RAS refresh mode, average tac = tac min (Note 5) 
Random read or write trc 200 220 260 ns __ (Note 6) 
cycle time 
Read-write cycle time trwec 270 300 355 ns (Note 6) 
Access time from RAS tRAC 100 120 150 ns (Notes 7, 8) 
Access time from CAS, tcac 50 60 75 ns (Notes 7, 9) 
non-nibble cycle 
Access time from CAS, tNAC 25 30 35 ns (Note 7) 
nibble mode cycle 
Output buffer turn-off delay torr 0 29 30 0 40 ns (Note 10) 
Transition time (rise and fall) ty 3 50 3 50 3 50 ns (Note 4) 
RAS precharge time tap 90 90 100 ns 
RAS pulse width tras 100 10000 120 10000 150 10000 ns 
RAS hold time trsH 50 60 75 ns 
RAS hold time (nibble mode) tNRSH 25 30 35 ns 
CAS pulse width, non-nibble tcas 50 10000 60 10000 75 10000 ~ ons 
mode 
CAS hold time tcesH 100 120 150 ns 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Vog = 5.0 V + 10% 


Limits 

vPD411001-10 ,.PD411001-12 .PD411001-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
RAS to CAS delay time trcp 20 50 25 60 25 75 ns (Note 11) 
CAS to RAS precharge time torp 10 10 10 ns (Note 12) 
CAS precharge time tp 20 25 30 ns 
RAS precharge CAS hold time __tapc 0 0 0 ns 
Row address setup time tASR 0 0 0 ns 
Row address hold time tRAH 10 15 1 ns 
Column address setup time tasc 0 0 0 ns 
Column address hold time tcAH 15 20 25 ns 
Column address hold time tar 65 80 100 ns 
referenced to RAS 
Read command setup time tracs 0 0 0 ns 
Read command hold time tRRH 10 10 10 ns (Note 13) 
referenced to RAS 
Read command hold time tRCH 0 0 0 ns (Note 13) 
referenced to CAS 
Write command hold tWcH 25 30 40 ns 
time 
Write command hold _ twcor 75 90 115 ns 
time referenced to RAS 
Write command pulse width twp 15 20 29 ns 
Write command to tRWL 35 40 45 ns 
RAS lead time 
Write command to CAS lead tcWL 35 40 45 ns 
time, non-nibble cycle 
Write command to CAS lead tNCWL 25 30 35 ns 
time, nibble mode cycle 
Data-in setup time tps 0 0 0 ns (Note 14) 
Data-in hold time toH 25 30 40 ns (Note 14) 
Data-in hold time referenced tpHR 75 90 115 ns 
to 
Write command setup time twos 0 0 0 ns (Note 15) 
RAS to WE delay tRWD 100 120 150 ns (Note 15) 
CAS to WE delay, towp 50 60 75 ns (Note 15) 
non-nibble cycle 
CAS to WE delay, tncwo 25 30 35 ns (Note 15) 
nibble mode cycle 
CAS setup time for CAS tcsp 10 10 10 ns 


before retresh 
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AC Characteristics (cont) 
Ta =0 to +70°C; Vog = 5.0 V + 10% 


Limits 

vPD411001-10 yPD411001-12 .«PD411001-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
CAS hold time for CAS tcHR 20 25 30 ns 
before RAS refresh 
Nibble mode cycle time tnc 55 65 15 ns (Note 6) 
CAS pulse width, nibble tnas 25 10000 30 10000 35 10000 ns 
mode cycle 
Refresh period ter 8 8 8 ms Addresses Ag-Ag 
Note: 


(1) 
(2) 
(3) 


All voltages referenced to GND. 

An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

AC measurements assume tr = 5 ns. 

Vi (min) and Vj, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vy and Vj. 
loc1, locos: |ocs, and Iocg depend on output loading and cycle rates. Specified values are obtained with the output open. 


The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


Load = 2 TTL loads and 100 pF. 


Assumes that trop Strcp (max). If tacp is greater than the maximum recommended value in this table, trac increases by the amount that 
trop exceeds the value shown. 


Assumes that tacp = trop (max). 


(10) torr (max) defines the time at which the output achieves the open circuit condition and is not referenced to Voy or Vo_. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. trop (max) is specified as a reference point only; if tacp is 


greater than trop (max), access time is controlled exclusively by tcac. 


(12) The torp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 


(13) Either tary or tacoH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 


read-modify-write cycles. 


(15) twos, tawo, tcwo, @Nd tncwp are restrictive operating parameters in read-write/read-modify-write and nibble mode read-write/read- 


modify-write cycles only. If twos = twcs (min), the cycle is an early write or nibble mode early write cycle and the data output will remain 
open circuit throughout the entire cycle. If towp = tewp (min) and tawp = trwp (min), the cycle is a read-write cycle and the data output 
will contain data read from the selected cell. If tyowp = tncwp (min), the cycle is a nibble mode read-write cycle and the data output will 
contain data read from the selected cell. If none of the above conditions are met, the condition of the data output pin (at access time and 
until CAS returns to Vj) is indeterminate. 
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Timing Waveforms 
Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 
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[1] WE, Address: Don’t Care. 
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Timing Waveforms (cont) 


Nibble Mode Read Cycle 
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Timing Waveforms (cont) 


Nibble Mode Write Cycle (Early Write) 
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Timing Waveforms (cont) 


Nibble Mode Read-Write/Read-Modify-Write Cycle 
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N EC uPD414256 

. 262,144 x 4-BIT 
NEC Electronics Inc. DYNAMIC NMOS RAM 
PRELIMINARY INFORMATION 


Description Pin Configurations 


The uwPD414256 is a 262,144-word by 4-bit dynamic 
N-channel MOS random access memory (RAM) de- 
signed to operate from asingle +5 V power supply. The 
negative voltage substrate bias is generated internally; 
its operation is automatic and transparent. The 
uUPD414256 utilizes advanced double-level polycide 
technology. The use of trench capacitors minimizes 
silicon area while providing high storage cell density, 
high performance, and high reliability. The device uses 
advanced dynamic circuity throughout, ensuring min- 
imum power dissipation. 


The three-state I/O pins are controlled by CAS in- 83-003258A 
dependently of RAS. After a valid read or read-modify- 

write cycle, dataisheldonthel/OpinsbyholdingCAS  26/20-Pin SOJ 

low. The data I/O pins are returned to the high-imped- 
ance state by returning CAS high. The wPD414256 
hidden refresh feature allows CAS to be held low to 
maintain output data while RAS is used to execute 
RAS-only refresh cycles. 


20-Pin Plastic DIP 


uPD414256 


Refresh is accomplished by using a CAS before RAS 
cycle, enabling the internal generation of the refresh 
address. Refresh can also be accomplished by using 
RAS-only refresh or anormal read or write cycle on the 
512 address combination of Ag-Ag during the 8 ms 
refresh period. 


© 
w 
N 
vt 
= 
se 
a 
a 
at 


Features 83-003259A 


O) 262,144-word by 4-bit organization 

L] Page mode operation 

0 High density 20-pin plastic DIP (uPD414256C) 
or 26/20-pin plastic SOJ (uPD414256LA) 


Pin identification 


Plastic DIP 


OO Single +5 V +10% power supply No. Symbol Function 
C) CAS before RAS internal address refresh mode 1,2. 18, 19 1/04-1/04 Data 1/0 
L) Low power dissipation: 3 WE Write enable 


— 28 mW standby (max) 


DO Multiplexed address inputs 4. ——SRAS——s—sSséRowaaddress strobe 


0 On-chip substrate bias generator 9 NC No connection 
Oi Non-latched TTL-compatible I/O 6-9, 11-15 Ao-Ag Address inputs 
CL) Low input capacitance 10 Vec Power supply 
OO) TTL-compatible inputs | 16 OE Output enable 
C1) 512 refresh cycles during 8 ms period 7 CAS ain eee te 
Performance Ranges 20 GND Ground 
Row Access R/W RMW OE Access 
Device Time (Max) Cycle (Min) Cycle (Min) Time (Max) 
uPD414256-10 100 ns 200 ns 270 ns 25 ns 
uPD414256-12 120 ns 220 ns 300 ns 30 ns 


uPD414256-15 150 ns 260 ns 355 ns 40 ns 
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Pin Identification (cont) 


Plastic SOJ 

No. Symbol Function 

1, 2, 24, 25 1/04-1/04 Data 1/0 

3 WE Write enable 

4 RAS Row address strobe 
D NC No connection 

6-8, 19-21 — No external lead 
9-12, 14-18 Ao-Ag Address inputs 

13 Voc Power supply 

22 OE Output enable 

23 CAS Column address strobe 
26 GND Ground 


Block Diagram 


CAS Clock 
Generator 


WE Clock 
Generator 


OE Clock 
Generator 


Data I/O Bus 


Refresh Column Decoder 
Address 
ne Sense Amplifier 


512 x 2048 
Memory Array 
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Absolute Maximum Ratings DC Characteristics 
TihonsanaaaninniuiucanainS SSS nan en 6 TAS Oto +70°C; Veg = 5 V + 10% 
Voltage on any pin relative to GND —1.0 to +7.0 V — CiVec : 
Operating temperature, Topp 0 to +70°C oc Test 
ee ee t Symbol Min Typ M Unit Conditi 
Storage temperature, TsTg —55 to +125 °C a ee a ae a Se 
ee ta OS: eferenced to 
Short circuit output current 50 mA Sr ae aS COR EE eT 
oa ee ee nput hig 1H ’ eferenced to 
Power dissipation, Pp 1W voltage 
Comment: Exposing the device to stresses above those listed in Input low Vii 1.0 0.8 V Referenced to GND 
Absolute Maximum Ratings could cause permanent damage. The voltage 
device is not meant to be operated under conditions outside the —————_— 
limits described in the operational sections of this specification. Standby current —I¢c2 5.0 mA RAS =CAS = Viq 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. Input leakage uy 10 10 WA Vin 0 to 5.5 V, 
Current all other pins not 

Capacitance under test = 0 V 
Ta = 25°C, f= 1 MHz Output leakage low.) —10 10 pA 1/0 =High-Z, 
ee Current Vijo =0 to 5.5 V 

$ iS 
Parameter Symbol Max Unit Conditions Output low VoL 0 04 V_ Ip. =4.2mA 
Input capacitance Ciy 5 pF Address voltage 
Input capacitance Cj 8 pF RAS, CAS, WE, OE aus VoH 2.4 Veo Vo lon=—SmA 
Input/output Cp f pF Input/output 


Capacitance 
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AC Characteristics 
Ta = 0 to +70°C; Vocg = 5.0 V + 10% 


NEC 


Limits 

uPD414256-10 PD414256-12 uPD414256-15 Tests 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Operating current, average loci 100 90 90 mA RAS, CAS cycling, tac = tac min (Note 5) 
Operating current, refresh Icc3 85 75 65 mA RAS cycling, CAS = Viy, tac = tac min 
mode, average (Note 5) 
Operating current, page mode, cca 85 75 65 mA RAS = Vj, CAS cycling, tp¢ = tpg min 
average (Note 5) 
Operating current, CAS before —Iccs 90 80 70 mA RAS cycling, CAS = V,, tac = tac min 
RAS refresh mode, average (Note 5) 
Random read or write trc 200 220 260 ns ___ (Note 6) 
cycle time 
Read-write cycle time trwc 270 300 355 ns __ (Note 6) 
Page mode cycle time tpc 100 120 145 ns ___ (Note 6) 
Refresh period tReF 8 8 8 ms 
Access time from RAS trac 100 120 150 ns (Notes 7, 8) 
Access time from CAS tcac 50 60 75 ns (Notes 7, 9) 
Output buffer turn-off delay torr 0 25 0 30 0 40 ns (Note 10) 
Transition time (rise and fall) ty 3 50 3 50 3 50 ns (Note 4) 
RAS precharge time trp 90 90 100 ns 
RAS pulse width tras 100 10000 120 10000 150 10000 ns 
RAS hold time trsy 50 60 5 ns 
CAS pulse width tcas 50 10000 60 10000 75 10000 ~ os 
CAS hold time tcsH 100 120 150 ns 
RAS to CAS delay time trcp 20 50 25 60 25 75 ns _ (Note 11) 
CAS to RAS precharge time tcrP 10 10 10 ns (Note 12) 
CAS precharge time, tcPN 20 25 30 ns 
non-page cycle 
CAS precharge time, page mode tcp 40 50 60 ns 
RAS precharge CAS hold time _trpc 0 0 ns 
Row address setup time taSR 0 0 ns 
Row address hold time tRAH 10 15 15 ns 
Column address setup time tasc 0 0 0 ns 
Column address hold time tCAH 15 20 25 ns 
Column address hold time tar 65 80 100 ns 
referenced to RAS 
Read command setup time trcs 0 0 0 ns 
Read command hold time tRRH 10 10 10 ns___ (Note 13) 
referenced to RAS 
Read command hold time tRCH 0 0 0 ns___ (Note 13) 
referenced to CAS 
Write command hold tWCH 25 30 40 ns 
time 
Write command hold _ twcr 75 90 115 ns 
time referenced to RAS 
Write command pulse width twp 15 20 25 ns 
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AC Characteristics (cont) 
Ta = 0 to +70°C; Voc = 5.0 V + 10% 


Limits 

vPD414256-10 .PD414256-12 .PD414256-15 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Write command to tRwL 35 40 45 ns 
RAS lead time 
Write command to CAS lead towL 35 40 45 ns 
time 
Data-in setup time tos 0 0 0 ns ___ (Note 14) 
Data-in hold time toy 25 30 40 ns __ (Note 14) 
Data-in hold time referenced tpHR 75 90 115 ns 
to RAS 
Write command setup time twos 0 0 0 ns (Note 15) 
RAS to WE delay trwo 130 155 195 ns (Note 15) 
CAS to WE delay tewo 80 95 120 ns (Note 15) 
Access time from OE toga 25 30 40 ns 
Data delay time toeD 25 30 40 ns 
OE command hold time toEH 0 0 0 ns 
Output turn-off toez 0 25 0 30 0 40 ns___ (Note 10) 
delay from OE 
OE to RAS inactive toes 10 10 10 ns 
setup time 
CAS setup time for CAS tsp 10 10 10 ns 
before RAS refresh 
CAS hold time for CAS tcHR 20 25 30 ns 


before RAS refresh 


Note: 

(1) An initial pause of 100 ws is required after power-up, followed by any 8 RAS cycles before proper device operation is achieved. 

(2) AC measurements assume ty = 5 ns. 

(3) Vi (min) and Vi, (max) are reference levels for measuring timing of input signals. Transition times are measured between Vj}, and Vj_. 
(4) All voltages referenced to GND. 

(5) Ioc1 lees: Icca, and Iccg depend on output loading and cycle rates. Specified values are obtained with the output open. 


(6) The minimum specifications are used only to indicate the cycle time at which proper operation over the full temperature range 
(Ta = 0 to +70°C) is assured. 


(7) Load = 2 TTL loads and 100 pF. 


(8) Assumes that tacp Strcp (max). If tacp is greater than the maximum recommended value in this table, tnac increases by the amount that 
trop exceeds the value shown. 


(9) Assumes that tacp = trcp (max). 
(10) torr (max) and togz (max) define the time at which the outputs achieve the open circuit condition and are not referenced to Voy or Vo_. 


(11) Operation within the tacp (max) limit assures that trac (max) can be met. tacp (max) is specified as a reference point only; if trop is 
greater than tacp (max), access time is controlled exclusively by tcc. 


(12) The tcrp requirement should be applicable for RAS/CAS cycles preceded by any cycle. 
(13) Either tany or tacH must be satisfied for a read cycle. 


(14) These parameters are referenced to the leading edge of CAS for early write cycles and to the leading edge of WE for delayed write or 
read-modify-write cycles. 


(15) twos, towp, 2nd tawp are restrictive operating parameters in read-write/read-modify-write cycles only. If twos = twcs (min), the cycle is 
an early write cycle and the data I/O pins will remain open circuit throughout the entire cycle. If towp = tcwp (min) and tawp = trwo 
(min), the cycle is a read-write cycle and the data I/O pins will contain data read from the selected cells. If neither of the above conditions is 
met, the condition of the data I/O pins (at access time and until CAS returns to Vj}4) is indeterminate. 
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Timing Waveforms 
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Timing Waveforms (cont) 


Page Mode Write Cycle (Early Write) 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Section 6 — XRAMS 
uPD4168 8,192 x 8-Bit NUOS XRAM .. 
uPD42832 32,768 x 8-Bit CMOS XRAM 
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NEC Electronics Inc. 


Description 


The NEC pPD4168 is an 8,192 word by 8-bit NUOS XRAM 
designed to operate from a single +5V power supply. 
The NEC pPD4168 is termed an XRAM because it incor- 
porates some of the best features of both SRAMs (Non- 
multiplexed addresses, simple interface requirements) 
and DRAMs (the one-transistor core cell provides high 
density at low cost). The negative voltage substrate bias 
is internally generated and provides automatic and 
transparent operation. 


The incorporation of an internal refresh address counter 
and refresh multiplexer allows the user to select one of 
three refresh modes. The self-refresh mode provides 
transparent refresh without system overhead. Internal 
latches for address, data, and chip select allow for use 
in systems incorporating multiplexed address/data 
buses. 


Features 


8,192 words by 8-bit organization 

Single +5V+10% power supply 

On-chip substrate bias generator 

Fast access times 

Low power dissipation: 

28 mW max-Standby 

19 mW max-Self refresh 

TTL-compatible 

28-pin SRAM/ROM/EPROM compatible package 
Built-in refresh multiplexer and refresh address 
counter 

Power-down self-refresh mode 

Automatic precharge allows cycle time to be inde- 
pendent of system skews __ 

Latched address, CS, and OE functions allow use 
on multiplexed address/data bus 

Read, early write, late write, external refresh, pulse 
refresh, and self-refresh cycles 


OOO00 


O OF OO OOO 


Performance Ranges 


Device toga toga te lees 
uPD4168C-12 120 ns 45 ns 220 ns 65mA 
uPD4168C-15 150 ns 55 ns 260 ns 60mA 


uPD4168C-20 200 ns 70ns 330 ns 55mA 


uPD4168 
8,192 x 8-BIT 
NMOS XRAM 


Revision 1 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 
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Pin Identification 

No. Symbol Function 
1 RFSH Internal refresh 
2=10,21, Ag-A42 Address inputs 
23-25 

11-13, 15-19 = 1/09-1/07 Data in /out 

14 GND Ground 

20 CE Chip enable 

22 OE Output enable 

26 CS Chip select 

27 WE Write enable 

28 Voc +5 V power supply 


Pin Functions 
RFSH (Refresh Input) 


A built-in refresh control circuit enables this input. Two 
refresh modes are available: pulse refresh, using the 
RFSH input as a clock input, and power-down self- 
refresh, using the RFSH input as logic level input. RFSH 
is high (inactive) during normal read and write cycles. 


Ao-Ai2 (Address Inputs) 


The pPD4168 requires 13 address inputs to select a word 
of data. Because these address inputs are internally. 
read onto the chip at the falling edge of a CE clock 
pulse, the CE clock determines their address setup and 
hold times. Inputs Ag-Ag perform external refresh. 
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1/O9-1/07 (Data Inputs/Outputs) 


Common 1/0 pins require WE and OE to control data. 
The CE clock and WE determine the data setup and hold 
times (tpsc, toHc, tosw, tpHw) for these pins during a 
memory write cycle; OE determines the access time 
(toga) during a read cycle. 


GND (Ground) 
All voltages are referenced to GND. 


CE (Chip Enable) 


The chip enable clock initiates read/write cycles and 
external refresh cycles. It allows addresses, CS, and 
(during an early write cycle) data inputs to be internally 
read onto the chip. 


OE (Output Enable) 


OE controls the output timing for |/O9-!/07. Access 
time (tcEA; toEa) is determined by the CE clock or by the 
OE input, according to OE input timing. 


uPD4168 Functional Modes 


Mode cs WE 
Read cycle H C’ H H 
Early write H C’ H L 
Late Write H C’ H C’ 
External refresh H C’ H H 
H C’ L X 
Pulse refresh C’ H X X 
C’ C’ H H 
C’ C H H 
C’ C’ H L 
C’ C’ H C’ 
Power down self-refresh L H X X 
Standby H H X X 
H=Viy, L=Vj,, C’ =negative edge of clock pulse, X=Vjy or Vi, 


Note: 
(1) Depends on previous cycle 
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CS (Chip Select) 


When CS is high (active) while the CE clock is enabled, 
the .PD4168 can perform read/write operations. If CS is 
latched low (inactive) while the CE clock is enabled, 
|/O9-1/07 remain in the high-impedance state, regard- 
less of the status of WE and OE. 


WE (Write Enable) 


WE controls read/write operations. WE input timing de- 
termines whether a write cycle is an early write or a late 
write. 


Vcc (Power Supply) 
+5 V power supply. 
110 Comments 
Data out OE: low logic level or clock pulse 
Data in 
Data in 
High-Z 
High-Z Standby 
High-Z 
High-Z After external refresh cycle 
(Note 1) After read cycle 
Data in After early write cycle 
Data in After late write cycle 
High-Z 
High-Z 
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Block Diagram 


Refresh internal 

Address Vee Oscillator Clock 

Counter Generator Generator 
= 


VO Bus 
Column Decoder 


256 Sense Amps 


Column Decoder 
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Decoder 64 x 256 Memory Array 
Decoder 64 x 256 Memory Array 
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Column Decoder 
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Absolute Maximum Ratings DC Characteristics 
nas —— or. ami is) 

Voltage on any pin relative to GND ~1.0 to +7.0V Tg Shia S1O"es Neo =o ways 

Operating temperature, Topp 0 to +70°C ee Test 
Storage temperature, TsTg —55 to +125°C —— — = Se céndiions 
ee nr ee 4, ; f 

Short circuit output current, Iog 50 mA Supply voltage Vcc 5 5.0 5.5 V Referenced to GND 
ee Input voltage, V —1.0 0.8 V Referenced to GND 
Power dissipation, Pp 1W 9 oe a : 
Comment: Exposing the device to stresses above those listed in Abso- i. a. he. Le ”:”*“CstiCa a ee 
lute Maximum Ratings could cause permanent damage. The device is fe voltage, Vin 2.4 9.9 V Referenced to GND 
not meant to be operated under conditions outside the limits de- g 

scribed in the operational sections of the specification. Exposure to Output voltage, Vo 0 0.4 Vs Iop=2mA 
absolute maximum rating conditions for extended periods may affect low 


device reliability. 
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DC Characteristics (cont) Capacitance 
OS Ta =Oto +70°C, Voc = 5.0 V +10% 
Parameter Symbol “Min Typ Max Unit Conditions nate Test 
Output voltages, Yow 24. Vcc. V Ioq=—imA Parameter Symbol Min Typ Max _ Unit Conditions 
high Input C 10 pF f=1MHz 
AverageVoo icc) ~Sti(“‘(«ts*#*«OS!!SCOMA Ct e!ns! Capacitance 
supply current, 60. mAstp=260ns— Data 1/0 Ci/o 10 pF f=1MHz 
active capacitance 
55 mA tc=330ns 

Standby current Icco 5 mA CE>Viy min, 

RFSH 2Vjy min 
Self-refresh —Iocg 3.5 mA RFSH<Vi) max 
average current 
Input leakage =i) -10 10 HA Vin=0 to 5.5V; 
current others=0V 
Output leakage = Iq) —10 10 HA Voyt=0to 5.5 V; 
current Doyt =High-Z 
AC Characteristics 
Ty =0to +70°C, Vog =5V +10% 

Limits 
—pates-12—~«CPDatee-18—~—«PDat68-20 = 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Average Voc supply current, active loct 65 60 59 mA to =t¢ (min) 
Read, write, or refresh cycle time tc 220 260 330 ns 
Access time from CE tcEA 120 150 200 ns (Note 5) 
Data off time from CE tcEz 30 35 45 ns (Note 6) 
Access time from OE toga 45 55 70 ns (Note 5) 
Data off time from OE torz 30 35 45 ns (Note 6) 
CE pulse width tee 120 10000 150 10000 200 10000 ns 
CE precharge time tp 90 100 120 ns 
Address setup time to CE tasc 0 0 0 ns 
Address hold time from CE taHc 35 45 55 ns 
CS setup time to CE tesc 0 0 0 ns 
CS hold time from CE tcHC 35 45 55 ns 
Data setup time to CE, early write tosc -10 -10 -10 ns 
Data hold time from CE, early write toHC 90 100 120 ns 
Data setup time to WE, late write tpsw 0 0 0 ns 
Data hold time from WE, late write tpHW 50 60 70 ns 
WE setup time to CE, early write twsc ~30 —30 —30 ns (Note 7) 
WE hold time from CE, early write twHc 90 100 125 ns 
WE pulse duration two 60 70 90 ns 
CE hold time from WE, late write tcHW 90 105 135 ns 
WE setup time to CE, read cycle trcs 0 0 0 ns 
WE hold time from CE, read cycle trcH 0 0 0 ns 
CE hold time from OE, read cycle tcHo 45 55 70 ns 
OE setup time to CE, write cycle tors 0 0 0 ns 
OE hold time from CE, write cycle togH 0 0 0 ns 
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AC Characteristics (cont) 
Ta =0to +70°C, Vog =5V + 10% 


Limits 
~ypba16e-12 ~~ »D4168-18 _—~—~«PDa168-20 - 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
CE delay to RFSH, pulse refresh tcrD 50 65 80 ns 

RFSH pulse width, pulse refresh trop 50 4000 65 4000 80 4000 ns 

RFSH recovery time, pulse refresh trpr 90 100 120 ns 

RFSH pulse width, self refresh trps 40 40 40 us (Note 8) 
RFSH recovery time, self refresh trsp 2 2 2 us 

CE hold time from RFSH, self refresh — tes 40 40 40 us 

CE setup time to RFSH, self refresh tess 35 40 50 ns 

Transition time, rise and fall ty 3 50 3 50 3 50 ns (Note 4) 
Refresh period treF 2 Z 2 ms 

RFSH precharge time trp 90 100 120 ns 

OE lead time to refresh cycle toeL 170 210 260 ns 

WE lead time to refresh cycle tWEL 170 210 260 ns 

RFSH setup time to CE trc 280 320 410 ns 

Note: 


(1) All voltages referenced to GND (0 V). 


(2) An initial pause of 2ms is required after power up, followed by any 8 CE cycles and 64 RFSH cycles before proper device operation is achieved. 
Read, write, and external refresh cycles may be used as CE dummy cycles for initialization. The 64 refresh dummy cycles can be performed before 
or after the 8 CE dummy cycles. Both dummy cycles must be within AC parameters. See figure 1, below. 


(3) AC measurements assume ty = 5ns. 

(4) Viy (min) and Vj, (max) are reference levels for measuring input signal timing. Transition times are measured between Vj, and V},. 

(5) Load = 2 TTL loads and 50 pF. 

(6) togez (max) and togz (max) define the time at which the output achieves the open circuit condition and are not referenced to Voy Or VoL. 
(7) twsc<twsc (min), the cycle is a late write cycle. 


(8) A power down self-refresh cycle is initiated when the RFSH input is active low for a period of 40us. The refresh interval is about 15.6 us. 


Figure1. Power-up Dummy Cycles 
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Timing Waveforms 
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Timing Waveforms (cont) 
Pulse Refresh Cycle after Late Write Cycle Complete 
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NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The NEC pu PD42832 is a 32,768-word by 8-bit CMOS 
XRAM, designed to operate from a single +5V power 
supply. The NEC .PD42832 is termed an XRAM because 
it incorporates some of the best features of both 
SRAMs (non-multiplexed addresses, simple interface 
requirements) and DRAMs (the one-transistor core cell 
provides high density at low cost). Advanced circuitry, 
including sense amplifiers, provides wide operating 
margins and low power dissipation while maintaining 
high performance. 


The incorporation of an internal refresh address 
counter and refresh multiplexer allows selection of 
one of three refresh modes. The self-refresh mode 
provides transparent refresh without system overhead. 


The pulse refresh mode utilizes the internal refresh 
address counter; external refresh cycles use the 256 
address combinations of Ag-Az. 


Features 


CL) 32,768-word by 8-bit organization 
LO) Single +5 V +10% power supply 
L] TTL/CMOS-compatible 
CL) Low power dissipation: 
1.0 mA (standby, CE = OE/RFSH = Vix) 
0.5 mA (standby, CE = OE/RFSH = Vpp) 
100 WA (self-refresh, uPD42832-L) 
L] Available cycle types: 
Memory cycles: read, write, read/modify/write 
Refresh cycles: external refresh, pulse refresh, 
self-refresh 
CO) 28-pin ROM-compatible plastic DIP (uPD42832C) 
1) 28-pin plastic miniflat package (uPD42832G) 


Performance Ranges 
Power Supply 


Access Cycle 
Device Time Time Active Standby 
uPD42832-10 100 ns 160 ns 60 mA 0.5mA 
pPD42832-12 120 ns 190 ns 50 mA 0.5 mA 
uPD42832-15 150 ns 235 ns 40 mA 0.5 mA 


uPD42832 
32,768 x 8-BIT 
CMOS XRAM 


Pin Configuration 
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Pin Identification 


No. Symbol Function 

1-10, 21, 23-26 Ao-Ay4 Address inputs 

11-13, 15-19 |/09-1/07 Data inputs/outputs 
14 GND Ground 

20 CE Chip enable 

22 OE/RFSH Output enable/Refresh 
27 WE Write enable 

28 Vop +5 V power supply 


Absolute Maximum Ratings 


Voltage on any pin (except Vpp) —1.0V to +7.0 V 
Supply voltage, Vpp —1.0V to +7.0 V 
Short circuit output current, Io 50 mA 
Power dissipation, Pp 1W 
Operating temperature, Topp 0°C to +70°C 
Storage temperature, TsT¢ —§5°C to +126 °C 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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Block Diagram 
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DC Characteristics Capacitance 
Ta = 0 to +70°C; Vpp = 5.0 V + 10% Ta = 25°C, f= 1 MHz 
Limits Test Limits 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit 
Supply voltage Vpp 4.5 50 55 V 1/0 capacitance Ci/0 10, pF 
Input high voltage Vij 2.4 SMe V Input capacitance C; 7 DF 
Inputlow voltage Vy -—1.0 0.8 V 
Standby current — Ippo 1.0 mA CE=0E/RFSH Truth Table 
= Vin dec tue re 
Standby current — Ippo 0.5 mA CE=OE/RFSH Mode CE WE OE/RFSH 1/0 PIN 
= Yoo Standby High X High High-Z 
CE = Vpp ka ae anne ieee: le 
Input leakage hy 10 10 yA VW =01055V, Read Low High Low Dout 
current all other pins not ternal refresh L Hi igh- 
Tider toes 0Y Ex sill refres ow igh oe High-Z 
i70 leakage lbw —10 10 uA 1/0=High-z, = as ee uel DIN 
current Vout = 0 to 5.5 V 
Output high Von 2.4 Von V_ loy=—1.0mA 
voltage 
Output low Vo. 0 0.4 Vlo, = 4.0 mA 
voltage 
Note: 


(1) yPD42832C-10/12/15, wPD42832G-10/12/15: Ipp3 = 1.5 mA; 


uPD42832C-10L/12L/15L, wPD42832G-10L/12L/15L: 
Ipp3 = 0.1 mA; 
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AC Characteristics 
Ta = 0°C to +70°C; Vpp = 5.0 V £10% 


uPD42832-10 uPD42832-12 yPD42832-15 
Parameter Symbol Min Max Min Max Min Max Unit 
Operating current(1) Ipp1 60 50 40 mA 
Refresh current(2) lpp4 60 50 40 mA 
Pulse refresh current(3) Ipps 60 50 40 mA 
Random read or write cycle time trc 160 190 235 ns 
CE access time tCEA 100 120 150 ns 
Chip disable to output in high-Z tcnz 0 30 0 35 0 40 ns 
OE access time toEA 30 35 40 ns 
Output disable to output in high-Z tonz 0 30 0 35 0 40 ns 
CE to output in low-Z tcLz 10 10 10 ns 
OE to output in low-Z toLz 5 5 5 ns 
Transition time (rise and fall) tT 3 50 3 50 3 50 ns 
CE precharge time tp 50 60 75 ns 
CE pulse width toe 100 10000 120 10000 150 10000 ns 
Address setup time before CE low tasc 0 0 0 ns 
Address hold time after CE low tAHC 25 30 40 ns 
OE hold time after CE low toHC 0 0 0 ns 
OE setup time before CE low tosc 10 10 10 ns 
Read command setup time before trcs 0 0 0 ns 
CE low 
Read command hold time after tRcH 0 0 0 ns 
CE high 
Write command hold time after CE low tWcH 70 85 105 ns 
Write command pulse width twp 70 85 105 ns 
Write command to CE lead time tcwL 70 85 105 ns 
Data setup time before WE high tosw 60 75 95 ns 
Data hold time after WE high toHw 0 0 0 ns 
Data setup time before CE high tosc 60 75 95 ns 
Data hold time after CE high toHC 0 0 0 ns 
WE to output in high-Z twHz 0 30 0 35 0 40 ns 
Output active from end of write twLz 10 10 10 ns 
Read/Write cycle time trwc 250 295 365 ns 
CE to RFSH delay time trep 50 60 75 ns 
RFSH pulse width in pulse refresh trap 80 1000 80 1000 80 1000 ns 
RFSH precharge time tep 30 30 30 ns 
Pulse refresh cycle time tec 160 190 235 ns 
RFSH to CE setup time after pulse tECE 190 225 275 ns 
refresh 
RFSH to CE delay time after pulse tesR 80 95 115 ns 
refresh aan 
RFSH pulse width in self refresh teas 8000 8000 8000 ns 
RFSH to CE delay after self refresh ters 190 225 275 ns 
Refresh period treF 4 4 4 ms 
Note: (1) tac = tro (min); lo =O mA (2) tac = tac (min); OE/RFSH = WE = V\y (3) tec = tec (min); CE = Viy 


uPD42832 


Timing Waveforms 
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Write Cycle 
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Timing Waveform (cont) 
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MOS STATIC RAMs 


MOS STATIC RAMs 
Section 7 — MOS Static RAM Page 
uUPD446 2,048 x 6-Bit Stati CMOS RAM .occiccceccveesanaecasexcaeeciusvaessas 7-1 
uPD449 2,046 x S-Bit Statice CMOS RAM 2.coccsieesncdnt eesti eens adeesenivanns 7-5 
uPD2147A 4006 x 1-Bi Static NMOS RAM sccccccasccccexedar seer ssecssrdaseasws 7-9 
yuPD2149 1,024 x 4-Bit Static NUOS RAM ........ ccc ccc eee c cece eee e ee eeeeeees 7-13 
uPD4016 2,048 x 8-Bit Static NMOS RAM ....... ccc cc ccc cers cre ecccnescceeeees 7-17 
uPD4311 16,384 x 1-Bit Static MIX-MOS RAM ...ccccciaccscsccuderssssveonvenes 7-21 
uPD4314 4,096 x 4-Bit Static MIX-MOS RAM ...... Oe ee en ee re eT 7-25 
uUPD4361 65,536 x 1-Bit Static MIX-MOS RAM .........cccccecccvcscvccecnceecns 7-29 
uPD4362 16,384 x 4-Bit Static MIX-MOS RAM ........ccccccccncccvecnsvececeees 7-35 
uUPD4364 8,192 x 8-Bit Static MIX-MOS RAM ......... ccc ccc eee eee eee eeneee 7-39 
uPD4464 8,192 x 8-Bit Static CMOS RAM ...... cece cece cece cece cece eee eeeeeees 7-45 
uPD43256 32, (oo ¥ 6-Bit Static MIX-MOS RAM ics ccicecaiwocecccavavmewsavaveens 7-51 
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Description 


The pPD446 is a high-speed, low-power, 2048-word by 8- 
bit static CMOS RAM fabricated with advanced silicon- 
gate CMOS technology. A unique circuitry technique 
makes the »PD446 a very low operating power device 
which requires no clock or refreshing to operate. Mini- 
mum standby power current is drawn by this device 
when CS equals Vcc independently of the other input 
levels. Data retention is guaranteed at a power supply 
voltage as low as 2 V. 


The nPD446 has a standard 24-pin dual-in-line package 
and is plug-in compatible with 164K EPROMs. 


The pPD446 is also packaged in a miniflat package pro- 
viding high density application. 


Features 

L) Single +5 V supply 

1) Fully static operation — no clock or refreshing 
required 

CL) TTLcompatible — all inputs and outputs 

LJ Common 1/O using three-state output 

LU OE eliminates need for external bus buffers 

L) Max access/min cycle times down to 150 ns 

L) Low power dissipation 


— Active: 38mA max 
— Standby: 10 vA max 
Data retention voltage: 2 V min 
Operating temperature range: — 40°C to +85°C 
Standard 24-pin plastic package 
(uPD446C) 
Plug-in compatible with 16K EPROMs (uPD446C) 
Miniflat package for high density application 
(uPD446G) 
L version 
— Standby current 1.0 vA max at 60°C 
for battery backup operation 


O OO OOO 


uPD446 
2,048 x 8-BIT 
STATIC CMOS RAM 


Revision 3 


Pin Configuration 


83-001639A 


Pin Identification 


No. Symbol Function 
1-8, 19, Ao-A10 Address input 

22, 20 

9-11, 13-17 1/04;-1/08 Data input /output 

18 cs Chip select 

20 Oe Output enable 

21 WE Write enable 

24 Voc Power ( +5 V) 

12 GND GND 


Performance Ranges 


Access Cycle 


Time Time Power Supply (Max) 
Device (Max) (Min) Active Standby 
uPD446C-3, 446G-15 150 ns 150 ns 38mA (Note 1) 
uPD446C-2, 446G-20 200ns 200 ns 30mA (Note 1) 
uPD446C-1, 446G-25 250 ns 250 ns 26mA (Note 1) 
uPD446C, 446G-45 450ns 450ns 18mA __ (Note 1) 


Note: 
(1) wPD446C-L/-1L/-2L/-3L, u.PD446G-45L/25L/20L/15L 
Ta = 25°C, 0.2 uA 
Tp = 60°C, 1.0 yA 
Ta = 85°C, 10 uA 
uPD446C/-1/-2/-3, wPD446G-45/ 25/20/15 
Ta = 25°C, 1.0 nA 
Ta = 60°C, 5.0 pA 
Tp = 85°C, 10 uA 
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Block Diagram 
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Absolute Maximum Ratings 


Power supply voltage, Vcc 7.0V 


Input voltage, Vin -0.3 to Veg +0.3V 
—0.3 to Veg +0.3V 
— 40 to 85°C 


—55 to 125°C 


Output voltage, Voyt 
Operating temperature, Tope 
Storage temperature, Tstg 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Capacitance 
Ta = 25°C, f = 1MHz 

Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Input Cin 6 pF Vin=OV 
Capacitance 
Input/output Cj /o 8 pF Visg=0V 
Capacitance 


NEC 


Recommended DC Operating Conditions 
Ta = —40 to +85°C 


Limits 
Parameter Symbol Min Typ Max Unit 
Supply voltage Vec 4.5 5.0 5.5 V 
Input voltage low VIL -0.3 0.8 V 
Input voltage high Vin Bu Vec + 0.3 V 
DC Characteristics 
Ta = — 40 to 85°C, Veg = 5 V + 10% 
Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Input leakage = | 1 HA Vin=OV to Voc 
current 
|/0 leakage lLo 1 HA Vis9=0V to Veg 
current CS =Viy or 
OE=Vjy or 
WE=Vj, 
Operating locas (1) (1) mA CS=Vjy, 
supply current l17g=0V min 
cycle 
Operating loca2 5 10 mA CS=Vy, 
supply current l1jg=0V DC 
current 
Standby supply I¢cs 0.02 (2) wpA CS=Vcec-0.2V, 
current Vin=0V to Voc 
Output voltage Vo, 0.4 Vi Io, =2.0mA 
low 
Output voltage Voy 2.4 Vs loy=—1.0mA 
high 
Notes: 


(1) uPD446C-3/3L, uPD446G-15/15L: 25 mA typ, 38 MA max 
uPD446C-2/2L, uwPD446G-20/20L: 20 mA typ, 30 mA max 
uPD446C-1/1L, uPD446G-25/25L: 18 mA typ, 26 MA max 
uPD446C/-L, uPD446G-45/45L: 12 mA typ, 18mA max 

(2) wPD446C-L/-1L/-2L/-3L., .PD446G-45L/25L/20L/15L 

Ta = 25°C, 0.2 uA 
Ta = 60°C, 1.0yA 
Tp = 85°C, 10 uA 
uPD446C/-1/-2/-3, uPD446G-45/25/20/15 
Ta = 25°C, 1.0 uA 
Tp = 60°C, 5.0uA 
Ty = 85°C, 10 uA 


NV. KE C uPD446 


AC Characteristics 
Ta = — 40 to 85°C, Vog = 5 V + 10% 


uPD446C-3 uPD446C-2 uPD446C-1 uPD446C 
uPD446G-15 uPD446G-20 uPD446G-25 uPD446G-45 
Parameter Symbol Min Max Min Max Min Max Min Max Unit 
Read Cycle 
Read cycle time trc 150 200 250 450 ns 
Address access time taa 150 200 250 450 ns 
Chip select access time tacs 150 200 250 450 ns 
Output enable to output valid tog 75 100 120 150 ns 
Output hold from address change tov 15 15 15 15 ns 
Chip select to output in Lo-Z toLz 10 10 10 10 ns 
Output enable to output in Lo-Z toLz 5 5 5 5 ns 
Chip deselect to output in Hi-Z tcHz 50 60 80 100 ns 
Output disable to output in Hi-Z toHz 50 60 80 100 ns 
Write Cycle 
Write cycle time twe 150 200 290 450 ns 
Chip select to end of write tow 120 150 180 210 ns 
Address valid to end of write taw 120 150 180 210 ns 
Address setup time tas 0 0 0 0 ns 
Write pulse width twp 90 120 150 180 ns 
Write recovery time twr 0 0 0 0 ns 
Data valid to end of write tow 50 60 80 100 ns 
Data hold time toH 0 0 0 0 ns 
Write enable to output in Hi-Z twuz 30 60 80 100 ns 
Output active from end of write tow 10 10 10 10 ns 
AC Test Conditions Timing Waveforms 
Input pulse levels 0.8to2.2V 
Input pulse rise and fall time 10 ns Read Cycle No.1 
Timing reference levels 1.5V 
Output load 1TTL + 100 pF 
Truth Table 
cS OF WE MODE 0 lec 

H X X Not selected Hi-Z Standby Notes: 

L H H Not selected Hi-Z Active .sagcat osu nicer 
ga ae etn ced aigemiemmaecees (2) Device is continuously selected, CS = Vi. 

L L H Read Dout Active 83-001641A 

L X L Write Din Active 


uPD446 


Timing Waveforms (cont) 


Read Cycle No. 2 


Dour 


Notes: 
(1) WEis high for read cycles. 


(2) Address valid prior to or coincident with CS transition low. 
83-001642A 


Write Cycle No. 1 


OE TFL a |S 
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fFilill ili 
VLAAAAAA AS 


Dour —-)-)-)-)) 
(LALIT LEA LS t t 
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mati 
Din (Ks AXXXXXXXXKX 
Notes: 
(1) WE must be high during all address transitions. 
(2) Awrite occurs during the overlap of a low CS and a low WE. 


(3) twr is measured from the earlier of CS or WE going high to the end of write cycle. 


(4) If the CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain in a high impedance state. 
83-001643A 


Write Cycle No. 2 


twe 
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Din KR OOOO 0000 


Notes: 

(1) WE must be high during all address transitions. 

(2) Awrite occurs during the overlap of a low CS and a low WE. 

(3) twr is measured from the earlier of CS or WE going high to the end of write cycle. 


(4) If the CS low transition occurs simultaneously with or after the WE low transition, 
output buffers remain in a high impedance state. 


(5) OEis continuously low. 
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Low Vcc Data Retention Characteristics 
Ta = — 40 to 85°C 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Dataretention Vecpr 2.0 V Vin=0V to Voc, 
supply voltage CS=Vcc 
Data retention Iccpr 0.01 (1) HA Vin=0V to Voc, 
supply current CS=Vec, 

Vec=3.0V 

Chip deselection tcpr 0 ns 
to data retention 
mode 
Operation tr tre ns 
recovery time 
Note: 


(1) wPD446C-L/-1L/-2L/-3L , uPD446G-45L/25L/20L/15L 
Ta = 25°C, 0.2uA 
Ta = 60°C, 1.0 nA 
Ta = 85°C, 10 pA 
uPD446C/ -1/-2/-3, wPD446G-45/25/20/15 

Ta = 25°C, 1.0 uA 
Ta = 60°C, 5.0 uA 
Ta = 85°C, 10 pA 


Low Vcc Data Retention 


Vin 


Vecor -_---— 
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Description 


The pPD449 is a high-speed, low-power, 2048-word by 8- 
bit static CMOS RAM fabricated with advanced silicon- 
gate CMOS technology. A unique circuitry technique 
makes the p»PD449 a very low operating power device 
which requires no clock or refreshing to operate. Since 
the device has two chip enable inputs, it is suited for 
battery backup applications. Minimum standby power 
Current is drawn by this device when CE, or CEs equals 
Vcc independently of the other input levels. Data reten- 
tion is guaranteed at a power supply voltage as low as 
2V. 


The pPD449 has a standard 24-pin dual-in-line package 
and is plug-in compatible with 16K EPROMs. 


Features 

L] Single +5 V supply 

L] Fully static operation — no clock or refreshing 
required 

L] TTL compatible — all inputs and outputs 

CL] Common !/O using three-state output 

L] Two chip enable inputs for battery backup 
application 

L] Max access/min cycle times down to 150 ns 

_] Low power dissipation, 


— Active: 38 mA max 
— Standby: 10 vA max 
Data retention voltage: 2 V min 
Operating temperature range: — 40 to +85°C 
Standard 24-pin plastic package 
Plug-in compatible with 164K EPROMs 
L version 
— Standby current 1.0 vA max at 60°C 
for battery backup operation 
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uPD449 
2,048 x 8-BIT 
STATIC CMOS RAM 


Revision 4 


Pin Configuration 


83-001645A 


Pin Identification 


No. Symbol Function 
1-8, 19, Ao-Ai0 Address input 

22,23 

9-11, 13-17 1/04-1/0g Data input / output 

20, 18 CE;, CE» Chip enable input 

21 WE Write enable input 

24 Vec Power (+5 V) 

12 GND GND 


Performance Ranges 


Access Cycle 


Time Time Power Supply (Max) 
Device (Max) (Min) Active Standby 
uPD449C-3 150 ns 150 ns 38mA (Note 1) 
uPD449C-2 200 ns 200 ns 30mA (Note 1) 
uPD449C-1 250 ns 250 ns 26mA _ (Note 1) 
uPD449C 450ns 450ns 18mA (Note 1) 
Note: 


(1) uPD449C-L/-1L/-2L/-3L 
Ta = 25°C, 0.2 yA 
Tp = 60°C, 1.0 uA 
Tp = 85°C, 10 uA 
uPD449C/-1/-2/-3 
Ta = 25°C, 1.0 uA 
Ta = 60°C, 5.0 uA 
Tp = 85°C, 10 yA 
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Block Diagram 


Address 
Buffer 


Absolute Maximum Ratings 
Power supply voltage, Voc 

Input voltage, Vin 

Output voltage, Voyt 

Operating temperature, Topp 

Storage temperature, Tstg 


Comment: Exposing the device to stresses above those listed in Abso- 


Row 
Decoder 


Input 
Data 
Control 


7.0V 

-0.3to Veg +0.3V 
-0.3 to Voc +0.3V 
—40 to +85°C 

—55 to +125°C 


lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 


device reliability. 


Capacitance 

Limits 
Parameter Symbol Min Typ Max 
Input Cin 6 
Capacitance 
Input/output Cj/o 8 
Capacitance 


7-6 


Test 
Conditions 


Vin=OV 


Viso=0V 


Cell Array 
128 Rows 
128 Columns 


Column 
Decoder 


Output 
Data 
Control 


Address 
Buffer 


NEC 


il 


83-001646B 


Recommended DC Operating Conditions 


Ta = —40 to +85°C 


Parameter Symbol Min 
Supply voltage Voc 4.5 
Input voltage low ViL -0.3 
Input voltage high Vin 2.2 
Truth Table 
CE; CE, WE MODE 

X H X Not selected 

H X X Not selected 

L L H Read 

L L L Write 
AC Test Conditions 


Input pulse levels 
Input pulse rise and fall time 
Timing reference levels 


Output load 


Limits 


Typ 
5.0 


110 

Hi-Z 
Hi-Z 
Dout 
Din 


Unit 
5.5 V 
0.8 V 

Veco + 0.3 V 


lec 
Standby 
Standby 
Active 
Active 


0.8 to 2.2V 
10 ns 
1.5V 

1 TTL +100 pF 


NV. KE C yPD449 


DC Characteristics DC Characteristics (cont) 
Ta = — 40 to +85°C, Veg = 5V +10% Ta = —40 to +85°C, Voc = 5V+10% 

Limits Test Limits Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max _— Unit Conditions 
Inputleakage = | 1 HA Vin=0VtoVec¢ Output voltage Vo, 0.4 Vs Io. =2.0mA 
Current low 
|/0 leakage lLo 1 vA Vis;g=0Vto Vee, Output voltage Voy 2.4 Vi lon=—1.0mA 
current CE, or CEn=Viy high 
ei, Notes: 
Operating ICcat (1) (1) mA CE; and CE9=Vj,, (1) uPD449C-3/3L, 25 mA typ, 38 mA max 
supply current lio = 9, min uPD449C-2/2L, 20 mA typ, 30 MA max 

cycle uPD449C-1/1L, 18 mA typ, 26 mA max 

Operating leap 5 10 -" CE, and CE =Vi, uPD449C/-L, 12 mA typ, 18 mA max 


(2) uPD449C-L/-1L/-2L/-3L 


supply current vo= 0 DC Ty = 25°C, 0.2 uA max 

se eceenecnhbisrieecienapco cose iesmntateegi  eY Ta = 60°C, 1.0 uA max 

Standby supply Isp 0.02 (2) yA CEy or Ta = 85°C, 10 nA max 

current CEo2Vec—0.2V, uPD449C/-1/-2/-3 
other CE input < Ta = 25°C, 1.0 vA max 
0.2Vor2Vcc Ta = 60°C, 5.0 «A max 
-0.2V, Vin=OV Ta = 85°C, 10 uA max 
to Vcc 


AC Characteristics 
Ta = —40 to +85°C, Voc = 5 V+10% 


uPD449-3 uPD449-2 uPD449-4 uPD449 

Parameter Symbol Min «Max = Min’ Max Min Max Min Max Unit 
Read Cycle 

Read cycle time trc 150 200 250 450 ns 
Address access time ta 150 200 250 450 ns 
Chip enable (CE;) to output valid tco1 150 200 250 450 ns 
Chip enable (CE») to output valid teo2 150 200 250 450 ns 
Output hold from address change tou 15 15 15 15 ns 
Chip enable (CE) to output in Lo-Z tLz1 5 5 5 5 ns 
Chip enable (CE) to output in Lo-Z i) 5 5 5 5 ns 
Chip enable (CE) to output in Hi-Z tH74 50 60 80 100 ns 
Chip enable (CE) to output in Hi-Z ty79 50 60 80 100 ns 
Write Cycle 

Write cycle time twe 150 200 250 450 ns 
Chip enable (CE;) to end of write tows 120 150 180 210 ns 
Chip enable (CE») to end of write tow 120 150 180 210 ns 
Address setup time taw 0 0 0 0 ns 
Write pulse width twp 90 120 150 180 ns 
Write recovery time twr 0 0 0 0 ns 
Data valid to end of write tow 50 60 80 100 ns 
Data hold time toy 0 0 0 0 ns 
Write enable to output in Hi-Z twz 50 60 80 100 ns 
Output active from end of write tow 10 10 10 10 ns 


uPD449 


Timing Waveforms 


Read Cycle (Address Access) 


Address 


XK 7K 


83-001647A 


Write Cycle (Address Access) 


Address 


ce (AS WAAL 


vss eens 


taw <> + twep—> | twr 


NYS 


twz—j+ 


83-001648A 


7-8 


NEC 


Low Vcc Data Retention Characteristics 
Ta = — 40 to +85°C 


Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Data retention Vccpr 2.0 V Vin =0V to Voc, 
supply voltage CE; or CEp = Veg 
Data retention Iccpr 0.01 (1) pA Vin=OV to Voc, 
supply current CE; or CEp=Vcco, 
other CE in- 
put=0V or Vcc, 
Vin=0V to Voc, 
Vec=3.0V 
Chip deselection tcpr 0 ns 
to data retention 
mode 
Operation tp tre ns 
recovery time 
Note: 


(1) «PD449C-L/-1L/-2L/-3L 
Ta = 25°C, 0.2 vA max 
Ta = 60°C, 1.0 vA max 
Tp = 85°C, 10 vA max 
yuPD449C/-1/-2/-3 
Ta = 25°C, 1.0 vA max 
Ty = 60°C, 5.0 vA max 
Ty = 85°C, 10 pA max 


Data Retention Timing Chart 


Data Retention 
Mode 


#tcpr?|* 


—>|<+— Ir 


aie" OV) 


BUG sa ct is fas 
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NEC Electronics Inc. 


Description 

The ~PD2147A is a 4096-bit static Random Access Memory 
organized as 4096 words by 1 bit, using a scaled MOS tech- 
nology. It uses a uniquely innovative design approach which 
provides the ease-of-use features associated with non- 
clocked static memories and the reduced standby power dis- 
sipation associated with clocked static memories. To the user 
this means low standby power dissipation without the need for 
clocks, address setup and hold times, nor reduced data rates 
due to cycle times that are longer than access times. 

CS controls the power-down feature. In less than a cycle time 
after CS goes high — deselecting the ~»PD2147A — the part 
automatically reduces its power requirements and remains in 
this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great 
as 85% in larger systems, where the majority of devices are 
deselected. 

The ~PD2147A is placed in an 18-pin cerdip package config- 
ured with the industry standard 2147 pinout. It is directly TTL 
compatible in all respects: input, output, and a single +5V 
supply. The data is read out nondestructively and has the 
same polarity as the input data. A data input and a separate 
three-state output are used. 


Features 

[_] Pinout, Function, and Power Compatible to Industry 
Standard 2147 

[_] Scaled MOS Technology 

[_] Completely Static Memory — No Clock or Timing 
Strobe Required 

[_] Equal Access and Cycle Times 

[-] Single + 5V Supply 

[_] Direct Performance Upgrade for 2147 

[_] Automatic Power-Down 

[_] High Density 18-Pin Package 

[_] Directly TTL Compatible — All Input and Output 

[_] Separate Data Input and Output 

[_] Three-State Output 

[_] 3 performance ranges: 


Max Supply Current 
Device . : 

Access Time Active Standby 
wPD2147A-25 $$2ns  160mMA 20mA 
BPD2147A-35 0 = 35mS OMA OMA 
wPD2147A-45  45ns— 160mMA 20m 

Truth Table 
cs WE Mode Output Power 
H X NotSelected = = HighZ — Standby 
LL Write = HighZ_— Active 
LH Read (yt Active 


uPD2147A 
4,096 x 1-BIT 
STATIC NMOS RAM 


Revision 1 


Pin Configuration 


Pin Identification 


2. . ene Function 
No. Symbol 

1-6, 17-12 AeA ___ Address Inputs 
= - Dour ____ Data Output 
8 WE __Write Enable _ 
9 ee GND Ground 

100 _¢s __Chip Select 
11 Din. ____Datalnput 
18 Vee ___Power (+5V) _ 


Memory Array 
64 Rows 
64 Columns 


Column I/O Circuits 
Column Select 
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Absolute Maximum Ratings* 


Operating Temperature —10°C to +85°C 
Storage Temperature — 65°C to + 150°C 
Voltage on Any Pin -3.5V to +7V 
DC Output Current 20mA 
Power Dissipation 1.2W 


Note: © with respect to ground 


*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause permanent 
damage. The device is not meant to be operated under con- 
ditions outside the limits described in the operational sections 
of this specification. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


DC and Operating Characteristics 
Ta= O°Cto + 70°C; Voc = +5V + 10%O 
Limits 


ES Test 
Parameter Symbol Min Typ@2 Max Unit Conditions 

Input Load - _ 
Current (All hs On 10 | pA. poe = Maes GNP 
Input Pins) ce 
Output Leakage CS = Vin, Veo = Max, 
Current lLo 0.01 10 A Vous = GND to Voc 

T, = 25°C Veco = Max, 
Operating Current lec vs bia me = Viz 

160 mA T, =0°C Output Open 

Voc = Min to Max 
Standby Current I 12 20 mA c : 
y SB cs = Vin 

. Voc = GND to Voc = Min, 
Fee Power-on leo® 25 50 mA GS = Lowerto Vcc or 
Current Vo. Mi 
in Min 

Input Low _ 
Voltage Vit 3.0 0.8 V 
Input High 
Voltage Vin 2.0 6.0 V 
Output Low _ 
Voltage Vor 0.4 Vv lot =8mA 
Output High ie 
Voltage Von 2.4 Villon = — 4.0mA 
Output Short 


Circuit Current los +130 MA Vout = GND to Vec 


Notes: © The operating ambient temperature range is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
®@ Typical limits are Voc = 5V, Tz = _+ 25°C, and specified loading. 


@ Apull-up resistor to Voc on the CS input is required to keep the device deselected; 
otherwise, power-on current approaches Icc active. 
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AC Test Conditions 


Input Pulse Levels GND to 3.0V 
Input Rise and Fall Times 5ns 
Input Timing Reference Levels 1.5V 
Output Timing Reference Levels 1.5V 
Output Load See Figure 1 
Capacitance 
Ta = 25°C; f = 1.0 MHz® 

Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 

Input Capacitance Cin 5 pF Vin = OV 
Output Capacitance Cour 6 pF Vout = OV 


Note: © This parameter is sampled and not 100% tested. 


Figure 1. Loading Conditions Test Circuit 


30pF 
(Including 
Scope and Jig) 


Figure 2. Input Pulse Test Circuit 


uPD2147A 


AC Characteristics Write Cycle 
Read Cycle Limits 
Ta= O°Cto + 70°C; Vec = +5V + 10%, unless otherwise 
noted. wPD2147A-25 .PD2147A-35 .PD2147A-45 Test 
rs Parameter Symbol Min Max Min Max Min Max Unit Conditions 
imits 
Write Cycle Time® = twc 25 35 45 ns 
uPD2147A-25 .PD2147A-35 .PD2147A-45 . 
Test Chip Selection to t 98 35 45 
Parameter Symbol Min Max Min Max Min Max Unit Conditions End of Write cw aa 
Read Cycle Time tac® 25 35 45 ns Address Valid to 
y RC end ol Write tay 25 35 45 ns 
casting : 25 35 45 ons 
Access Time aA Address Setup Time tas 0 0 0 ns 
Chip Select Write Pulse Width twp 20 20 25 ns 
t 25 35 45 ns 
Access Time aa Write Recovery Time twr 0 0 0 ns 
Output Hold From Data Valid to 
Address Change ‘OH 5 5 5 ns Sil ol Wikte tow 20 20 25 ns 
Chip Select to Data Hold Time t 10 10 10 ns 
Output in Low Z t2® 5 5 5 ns ®@ DH 
Write Enabied to t 0 15 0 20 0 25 a ® 
chip besecion ts «io if 2 &© 3 © 20 ne ® OutputinHighZ 2 
Output in High Z 
Output Active From t 0 0 0 © 
Chip Selectionto ‘ A 5 = End of Write “in 
Power-Up Time PU 
Chip Selection to in 20 20 20 ne 


Power-Down Time 


Timing Waveforms 


Read Cycle No. 1©© Write Cycle No. 1 (WE Controlled) © 


twe 


Address 


Data Valid 


CT taanves 
twz tow 


High Impedance 
Data Undefined g 


Supply I,, Write Cycle No. 2 (CS Controlled) © 
Current 


Notes: 

® All Read Cycle timings are referenced from the last valid address to the first transitioning 
address. 

@ At any given temperature and voltage condition, tz max is less than t_z min, both for a given 
device and from device to device. 

® Transition is measured + 200mV from steady state voltage with specified loading in Figure 2. 

® Transition is measured at Vo, + 200mMV and Voy, — 200mV with specified loading in Figure 2. 

® WE is high for Read Cycles. 


© Device is continuously selected, CS = Vit: ABELBEBEEE RKi/JLLLLL 


@ Addresses valid prior to or coincident with CS transition low. 
ia tow ton 


K | Data invalid 


twz 


taw twa 


High Impedance 
Data Out Data Undefined 


Notes: 

® CS goes high simultaneously with WE high, the output remains in a high impedance state. 

®@ All Write Cycle timings are referenced from the last valid address to the first transitioning address. 
® Transition is measured at Vo, + 200MV and Voy, — 200mV with specified loading in Figure 2. 

@ Transition is measured + 200mV from steady state voltage with specified loading in Figure 2. 

© CS or WE must be high during address transitions. 
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Description 


The uwPD2149 is a 4096-bit static Random Access 
Memory organized as 1024 words by 4 bits. Using a 
scaled NMOS technology, it incorporates an innovative 
design approach which provides the ease-of-use 
features associated with non-clocked static memories. 


The wPD2149 is encapsulated in an 18-pin ceramic 
package configured with the industry standard pinout. 
It is directly TTL compatible in all respects: inputs, 
outputs, and a single +5 V supply. The data is read out 
non-destructively and has the same polarity as the 
input data. 


Features 


CL) Completely static memory - no clock or timing 
strobe required 

(1) Equal access and cycle times, faster chip select 
access 

L) Single +5 V supply 

L] High density 18-pin package 

CL) Directly TTL compatible - all inputs and outputs 

C1) Common input and output 

L] Three-state outputs 

L) Power dissipation: 180 mA max 


Performance Ranges 


Address Access CS Access 
Device Time (Max) Time (Max) 
pPD2149-2 35 ns 15 ns 
yPD2149-1 45 ns 20 ns 


pPD2149 99 Ns 29 NS 


uPD2149 
1,024 x 4-Bit 
STATIC NMOS RAM 


Revision 1 


Pin Configuration 


83-003558A 


Pin identification 


No. Symbol Function 
1-7, 15-17 Ao-Ag Address inputs 

8 cs Chip select input 
9 GND Ground 

10 WE Write enable input 
11-14 1/04-1/04 Data input/output 


18 Voc +5 V Power supply 


Memory Cell 
Address Row Array 
Buffer Decoder 64 Rows 
64 Columns 


mm 


- Column 
Control 
: Decoder 


Sense/Switch 


| Output 
= Data 


| | Control 


Address 
Buffer 


Ao Ai A2 Ag 


83-003559 
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Absolute Maximum Ratings 


Operating temperature, Topp —10 to +85°C 
Storage temperature, Tstg —65 to +150°C 
Voltage on any pin —1.5 to +7.0V 
DC output current 20 mA 
Power dissipation, Pp 1.2 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC Characteristics 
Ta = 0 to 70°C; Veg = +5 V+ 10% 


Limits Test 
Parameter Symbol Min Max Unit Conditions 
Input leakage Ih +10 HA ~~ Vin = GND to Vcc 
current 
Output leakage ig +50 wA CS=Vin, 
current Vout = GND to 4.5 V 
Power supply lec 180 mA Vin=Vec, 
current 1/0 = open 
Input low ViL 0.8 V 
voltage 
Input high Vin 2.1 Vcc V 
voltage 
Output low VoL 0.4 V lo. =8mA 
voltage 
Output high VoH 2.4 V log =—4mA 
voltage 
Output short los +200 mA Voyt=GND to Vcc 


circuit current 


Note 


(1) The operating temperature range is guaranteed with transverse 
air flow exceeding 400 feet per minute. 


NEC 


Capacitance 
Ta = 25°C, f = 1 MHz 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 5 pF Vin=O0V 
Capacitance 
Data output Cpoyrt 7 pF Vpoout = 0 V 


Capacitance 


Note 


(1) These parameters are sampled and not 100% tested. 


NEC uPD2149 


AC Characteristics 
Ta = 0 to 70°C; Veg = +5 V + 10% 


Limits 
uPD2149-2 uPD2149-1 uPD2149 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Read Cycle 
Read cycle time trc 35 45 5D ns 
Access time ta 30 45 55 ns 
Chip selection to output valid tco 15 20 20 ns 
Chip selection to output active tex 5 5 5 ns (Note 4) 
Output high-Z from deselection totp 10 15 20 ns (Note 3) 
Output hold from address change toH 3) 5 5 ns 
Write Cycle 
Write cycle time twe 35 45 59 ns 
Chip selection to end of write tcw 30 40 50 ns 
Address valid to end of write taw 30 40 50 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 30 35 40 ns 
Write recovery time twr 5 5 5 ns 
Data valid to end of write tow 20 20 20 ns 
Data hold time tpH ) 5 5 ns 
Write enabled to output in high-Z twz 0 10 0 15 0 20 ns (Note 3) 
Output active from end of write tow 0 0 0 ns (Note 4) 
Notes: 
(1) AC test conditions: 

Input pulse levels = GND to 3.0 V, 

Input pulse rise and fall times = 5 ns, 

Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
(2) All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
(3) Transition is measured at Vo, + 200 mV and Voy — 200 mV with loading shown in figure 2. 
(4) Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 
Figure1. Output Load Figure 2. Output Load for tcy, torp, twz, and tow 


*Including Scope and Jig *Including Scope and Jig 


Truth Tabi 
cs WE Mode 1/0 
X Not selected Hi-Z 
Read Dout 
L Write Hi-Z 


uPD2149 


Timing Waveforms 


Read Cycle No. 1 (Address Access) 


DouT Previous Data Valid 
Note: 


[1] WE is held high for read cycle. 
[2] Device is continuously selected, CS = VL. 


tco 


Data Valid 


83-003560A 


toTpD 


[1] WE is held high for read cycl 
[2] Address valid prior to or colnoident with CS transition low. 
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Write Cycle No. 1 (WE Controlled) 


Address 


ewe 


tas 


Data In Valid 


twz tow 


Note: 
(1] CS or WE must be high during address transition. 


[2] If CS goes high simultaneously with WE high, the outputs remain in a 
high-impedance state. 
83-001637A 


Write Cycle No. 2 (CS Controlled) 


Address 


tow tDH 


DIN Data In Valid 


twz 


Note: [1] CS or WE must be high during address transition. 
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NEC oso 
2,048 x 8-BIT 

NEC Electronics Inc. STATIC NMOS RAM 
Revision 3 


Description 


The »PD4016 is a 16,384-bit static Random-access Memory 
device organized as 2,048 words by 8 bits. Using a scaled 
NMOS technology, its design provides the ease-of-use fea- 
tures associated with nonclocked static memories. The 
PD4016 has a three-state output and offers a standby mode 
with an attendant 75% savings in power consumption. It fea- 
tures equal access and cycle times and provides an output 
enable function that eliminates the need for external bus buff- 
ers. The ».PD4016 is packaged in a 600-mil-wide standard 
24-pin dual-in-line package which is plug-compatible with 
16K EPROMS. 


Features 

LJ Scaled NMOS technology 

L] Completely static memory: no clock, no refresh 
(] Equal access and cycle times 

L] Single +5V power supply 

(J Automatic power-down 


Pin Configuration 


Pin Identification 


CJ All inputs and outputs directly TTL-compatible = Description 
eqs No. Symbol 
[J Common |/O capability —- 
(] OE eliminates need for external bus buffers 22, 23 Ao-Aro Address Inputs 
(] Three-state outputs See . 
' , : : 0,-V/0 Data Input/Output 
1 Plug-compatible with 16K 5V EPROMS (600 mil) 13-17 a 
L] Low power dissipation in standby mode L — ae 
; ; ‘ ar 18 cs Chip Select 
L} Available in a standard 24-pin dual-in-line package = SE : 
: : utput Enable 
( 600-mil width ) 21 WE Write Enable 
LL] 4 performance ranges: 24 View +5V Power Supply 
R/W Power Supply 
Device gia — Active Standby Truth Table 
me me eee 
uPD4016C-1 250ns 250ns 60mA  15mA - oe een hone er 
»PD4016C-2 200ns = 200ns 60mA 15mA a “i iutive 
uPD4016C-3 150ns_ 150ns 60mA 15mA L HL. Write Din Active 
wPD4016C-5 120ns 120ns 60mA 15mA Lt Lt _ Write Din Active 


Absolute Maximum Ratings* 
Temperature UnderBias 
Storage Temperature, Tsy 


Voltage on any Pin with Respect to Ground a 7 — 715Vto +7V 
DC OutputCurrent,lo ss __ 20mA 
Power Dissipation,Pp sy 1W 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


uPD4016 


Block Diagram 


Capacitance © 
Ta = 25°C; f = 1MHz 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance Cw ee ee pF Vin = OV 
/O Capacitance Cro i pF Vio = OV 
Note: © This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = O°Cto + 70°C; Vec = 5V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions © 
Veco = Max 

Input sii ihlaii fu oo =. aa Viv = GND to Veg 
Output Leakage Veco = Max; CS = Viy 
Current _ lLo BC — 7 cum Vout = GND to Voc 

- Vec = Max; cs = Vir 
Operating wacciiona lee ee od : “ (outputs open) — 

Vec = Min to Max; 

Standby Current I 15 mA : 

y : ; = - ee oo - - te = Vin - 
Input Low Voltage Vir “15 = —__s 08 Vv 
Input High Voltage Vin 20 6.0 Vv - _ 
Output Low Voltage Voi ee oe lo. = 4mA 
Output High Voltage Vou 24 oe Vi lon = 1mA 
Output Short-circuit 
encaael los — 70 MA Vout = GND to Voc 
Note: © Input pulse levels: 0.8V to 2.2V 

Input rise and fall times: 10ns 
Input timing reference levels: 1.5V 


Output timing reference levels:  1.5V 


Figure 1. Loading Conditions Test Circuit 


OOpF 
Including Scope and Jig) 


Figure 2. Input Pulse Test Circuit 


uPD4016 


AC Characteristics 
Ta = O°C to + 70°C; Voc = 5V + 10% 
Read Cycle 


Limits © 
4016-5 4016-3 4016-2 4016-1 
Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 


Read Cycle 


tac 120 150 200 250 ns @ 


Access Time ‘AA 120 150 200 250 ns 


Chip Select ; t 
Access Time acs 


Output Hold 
from Address toy, 10 10 10 10 ns 
Change 


Chip Selection 
to Output ts 10 10 10 10 ns @ © 
in Low-Z 


Deselection 
to Output 
in High-Z 


Output Enable 
to Output tog 50 70 90 110 ns 
Valid 


Output Enable 
to Output tow 10 10 10 10 ns @ © 
in Low-Z 
Output Disable 
to Output 

in High-Z ae 
Chip Selection 

to Power-up _—_tpy 0 0 0 0 ns © 
Time 

Chip 

Deselection t 
to Power-down °° 
Time 


tee 45 50 60 80 ns @ © 


tour 45 50 60 80 ns @ © 


60 70 90 110 ns © 


Write Cycle 


Limits © 
4016-5 4016-3 4016-2 4016-1 


Parameter Symbol Min Max Min Max Min Max Min Max Unit Notes 


Write Cycle 

Time oe 
Chip Selection 
to End of tow 90 120 160 200 ns 
Write 


Address Valid 
to End of taw 80 90 120 150 ns 
i 
Address Set-up 
Time 


twe 120 150 200 250 ns 


Write Pulse 
Width 


twp 70 80 100 130 ns © 
Write Recovery . O° Non . 
Time twr el . - - ns 
Data Valid to 
End of Write 


Data Hold 
Time ; 


Write Enabled 
to Output tgs 45 50 60 80 ns © ® 
in High-Z 
Output Active 
from End tow 10 10 10 10 ns © ® 
of Write 


tow 45 50 60 80 ns 


Notes: (©) See Part No. / Package Width table below. 

@ All read cycle timings are referenced from the last valid address to the first transi- 
tion address. = 

@) Address valid prior to or coincident withCS transition low. 

@ Transition is measured + 200mV from steady-state voltage with specified load of 
Figure 1. 

© This parameter is sampled and not 100% tested. 

© \fCS andOE are both low before write enabled, twp = twz + tow 

@ Transition is measured + 200mV from steady-state voltage with specified load of 
Figure 2. 
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Timing Waveforms 


Write Cycle No. 1 (WE Controlled) Read Cycle No.1® @ © 


Address Address 


Data-out 


Read Cycle No. 2 © @ © 


Data-in 


tow 
~<- 


Data-out Data Undefined High Impedance 


Data-out 
OE _ XKXXXXXKXXKXKKXKXKEXKKKEXKRKKKKKRKRKKKKKEKK 


Write Cycle No. 2 (CS Controlled) 
Read Cycle No. 3 © ® 


Address 


OF AAAS WLLLLLLLLLL 


—_——___—. Data-out 050;050.00.¢,¢ 
Data-in K xX 


| Notes: © WE is high for read cycles. 


he Device is continuously selected, CS = Vj. 


| . OE = Vic — 
Data-out Data Undefined piensa’ @ Address valid prior to or coincident withCS transition low. 


RX KKK KKK KEKEXEKEXEREXERKKKLKLE 
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NEC Electronics Inc. 


Description 
The pPD4311 is a high-speed, low-power, 16,384-word by 


1-bit static MIX-MOS RAM fabricated with a short- 


channel, silicon-gate MIX-MOS technology. The 
uPD4311 is alow standby power device using N-channel 
memory Cells with polysilicon resistors. Additionally, an 
excellent circuitry technique achieves very high speed 
and low operating power. The vPD4311 requires no clock 
or refreshing to operate. 


The pPD4311 is fully compatible with the .PD2167. It is 
packaged in a 20-pin plastic DIP with the standard 2167 
pinout (uPD4311C) and a 20-pin Cerdip package 
(uPD4311D). 


Features 


LC) Single +5V supply 

O Fully static operation — no clock or refreshing 
required 

L) TTL-compatible — all inputs and outputs 

L) Separated data input and output 

L) Three-state output 

OO Standard 300 mil plastic DIP and Cerdip 

CL) Compatible with ».PD2167 


Performance Ranges 


Aceeus Power Supply (Max) 
Device Time Active Standby 
uPD4311C/D-35 35 ns 80 2mA 
uPD4311C/D-45 45 ns 80 2mA 
uPD4311C/D-55 55 ns 80 2mA 


uPD4311 
16,384 x 1-BIT 
STATIC MIX-MOS RAM 


Pin Configuration 


Pin Identification 
No. Symbol Function 
1-7, Ao-Ay3 Address input 
13-19 
12 Din Data input 
8 Dout Data output 
11 cs Chip select 
g WE Write enable 
20 Vec +5 V power supply 
10 Vss Ground 


Memory Cell 
Address Array 
Buffer 128 Rows 
128 Columns 


Input Sense/ Switch 


Output 


Data Data 
Control Column Control 
Decoder 


Address 
Buffer 


Ag As Ag A7 Ag Ag Ai 


uPD4311 


Absolute Maximum Ratings 


Power supply voltage, Voc -0.5V to +7.0V 
Input voltage, Vin -—0.5V [1] to +7.0V 
Output voltage, Voyt —0.5V to +7.0V 
Operating temperature, Topp 0 to 70°C 
Storage temperature, Tst¢: 

— wPD4311C — 55 to 125°C 
— wPD4311D — 65 to 150°C 
Power dissipation, Pp 1.0W 


Note: [1] Vij = —3.0V min for 20ns pulse. 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 

Ta = 25°C, f = 1MHz [Note 1] 

Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cjy 5 pF Vin=OV 

Data output Cpout 6 PF Vpout=0V 
Capacitance 


Note: [1] This parameter is sampled and not 100% tested. 
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Recommended DC Operating Conditions 


Ta =O0to +70°C 

Limits 
Parameter Symbol Min Typ Max Unit 
Supply voltage Vec 4.5 5.0 5.5 V 
Input voltage low ViL -—0.5[1] 0.8 V 


Note: [1] Vj, = —3.0V min for 20ns pulse. 


DC Characteristics 
Ta =0°C to 70°C, Vog = 5 V + 10% 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 


Input leakage la -2 2 vA Vin=0Vto Voc, 

current Voc = Max 

Output leakage = Iig -2 2 vA VoytT=0V to 

current Vec, CS=Vin, 
Voc = Max 

Operating supply Icc 80 mA CS=Vi, 

current IpouT=OmA 

Standby supply Isp 15 mA CS=Viy 

current 

Standby supply —_Igpy 2 mA CS=Vcc-0.2V, 

current Vin <0.2V or 
>Vec-0.2V 

Output voltage Vo, 0.4 Vs Io, =8.0mA 

low 

Output voltage Voy 2.4 Vlon=—4.0mA 

high 


N. KE Cc yPD4311 


AC Characteristics [Note 1] 
Ta =0°C to 70°C, Vog =5V 410% 


Limits 
~yPo4ati-35 —«PDaStI-45_—~—=«PDAGTI-85 ea 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Read Cycle 
Read cycle time tre 35 45 55 ns [Note 2] 
Address access time taa 35 45 a0 ns 
Chip select access time tacs 35 45 55 ns 
Output hold from address change toy ° 5 5 ns 
Chip select to output in Lo-Z tz 5 5 5 ns [Note 3] 
Chip deselect to output in Hi-Z tyz 0 20 0 25 0 30 ns [Note 4] 
Chip select to power-up time tpy 0 0 0 ns 
Chip deselect to power-down time tpp 0 35 0 40 0 45 ns 
Write Cycle 
Write cycle time twe 35 45 55 ns [Note 2] 
Chip select to end of write tow 35 40 45 ns 
Address valid to end of write taw 35 40 45 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 25 30 35 ns 
Write recovery time twr 0 0 0 ns 
Data valid to end of write tow 20 29 29 ns 
Data hold time toy 0 0 0 ns 
Write enable to output in Hi-Z twz 0 20 0 29 0 30 ns [Note 4] 
Output active from end of write tow 0 0 0 ns [Note 3] 
Notes: [1] AC test conditions: 
Input pulse levels = GND to 3.0V 
Input pulse rise and fall times = 5ns 
Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
[2] All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
[3] Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 
[4] Transition is measured at Vo, +200 mV and Voy — 200 mV with loading shown in figure 2. 
Truth Table 
cs WE MODE 10 lec 
H X Not selected Hi-Z Standby 
L H Read Dout Active 
L L Write Hi-Z Active 
Figure 1. Output Load Figure 2. Output Load for tz, tz, twz, tow 


*Including Scope and Jig *Including Scope and Jig 
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Timing Waveforms 


Read Cycle No. 1 (Address Access) 


DouT Previous Data Valid 


Notes: [1] WE is held high forread cycle. __ 
[2] Device is continuously selected, CS + VL. 


Notes: [1] WE is held high for read cycle. _ 
[2] Address valid prior to or coincident with CS transition low. 
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Timing Waveforms (cont) 
Write Cycle No. 1 (WE Controlled) 


—$_—_—————- twe 


Address 


CSI] Wr ‘UU 


<— tas +———— twp <— twrR 


Data Valid 


Data In Valid 


<— twz tow 


Note: [1] CS or WE must be high during address transition. 


83-001637A 


Write Cycle No. 2 (CS Controlled) 


Address 


83-001548A 


DIN Data In Valid 


twz ——> 


Note: [1] CS or WE must be high during address transition. 


NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


Description 


The pPD4314 is a high-speed, low-power, 4,096-word 
by 4-bit static MIX-MOS RAM fabricated with a 
short-channel, silicon-gate MIX-MOS technology. The 
uPD4314 is a low standby power device using 
N-cnannel memory cells with polysilicon resistors. Ad- 
ditionally, a unique circuitry technique achieves very 
high speed and low operating power. The pPD4314 re- 
quires no clock or refreshing to operate. 


The pPD4314 is packaged in a standard 20-pin plastic 


DIP. 

Features 

LJ] Single +5V supply 

(1 Fully static operation — no clock or refreshing 
required 

L) TTLcompatible — all inputs and outputs 

L} Common !/O using three-state output 

L) Standard 300 mil 20-pin plastic DIP 


Performance Ranges 


Time Time Power Supply (Max) 
Device (Max) (Min) Active Standby 
uPD4314C-35 35 ns 35 ns 80 mA 2mA 
uPD4314C-45 45 ns 45ns 80 mA 2mA 
uPD4314C-55 55 ns 55 ns 80 mA 2mA 


Access Cycle 


uPD4314 
4,096 x 4-BIT 
STATIC MIX-MOS RAM 


Revision 1 


Pin Configuration 


83-001770A 


Pin Identification 

No. Symbol Function 
1-8, 16-19 Ao-A44 Address input 
12-15 1/04-1/04 Data input/output 

9 cS Chip select input 
11 WE Write enable input 
20 Vec +5 V Power supply 
10 Vss Ground 

Block Diagram 


Memory Cell 
Array 
128 Rows 
128 Columns 


Address 


Row 
Buffer Decoder 


Sense/Switch 
Column 
Decoder 


2 ps 
Data 


Control 


Output 
Data 
Control 


Address 
Buffer 


A3 Ag As Ag Az 


83-001771A 
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Absolute Maximum Ratings 


Power supply voltage, Vcc -—0.5V to +7.0V 


DC Characteristics 
Ta = 0°C to 70°C, Vog = 5 V +10% 


NEC 


Input voltage, Vin ~0.5V [1] to +7.0V wala Test 
coe y 0.5V It) to 47.0V Parameter Symbol Min Typ Max Unit Conditions 
utput voltage, -0. 0 +7. 

Pp ia |) a nee al Lb Ll Input leakage — IL -2 2 HA Vin=OV to Voc, 
Operating temperature, Topp 0 to 70°C current Voc = Max 
Storage temperature, Tstg —55 to 125°C Output leakage ig =9 2 vA VouT=0V to Voc, 
Power dissipation, Pp 1.0W current vent 

=Ma 
Note: [1] Vij, = —3.0V for 20ns max pulse “CC . 
Operating supply Icc 60 80 mA CS=Vi,, 
Comment: Exposing the device to stresses above those listed in current Inour=OmA 
Absolute Maximum Ratings could cause permanent damage. The “Siandbveucnly len @6©»3”65S—“SsS<“FSC<S«éSS*é<CS~d'C SSCS 
device is not meant to be operated under conditions outside the Standby supply — Isp mM =H 
limits described in the operational sections of this specification. current _ 
Exposure to absolute maximum rating conditions for extended Standby supply — spy 2 mA CS=Voc-0.2V, 
periods may affect device reliability. current Vin <0.2V or 
2Vec—-0.2V 
Recommended DC Operating Conditions Output voltage Vo, 0.4  V_ Ig, =8.0mA 
Ta =0 to +70°C low 
Limits Output voltage Voy 2.4 V Ioy=—4.0mA 
Parameter Symbol Min Typ Max Unit high 
Supply voltage Vec 4.5 5.0 9.9 V 
Input voltage low Vit —0.5[1] 0.8 V Capacitance 
Input voltage high = Vy 2.2 Veco +03 V Ta = 25°C, f = 1MHz [Note 1] 
Note: [1] Vj, = —3.0V for 20ns max pulse Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 5 pF Vin=OV 
Capacitance 
Data output CpouT 7 pF VpouT=0V 
capacitance 
Note: [1] This parameter is sampled and not 100% tested. 
AC Characteristics [Note 1] 
Ta = 0°C to 70°C, Veg = 5 V +10% 
Limits 
uPD4314-35 uPD4314-45 uPD4314-55 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Read Cycle 
Read cycle time tro 35 45 55 ns [Note 2] 
Address access time tana 35 45 95 ns 
Chip select access time tacs 35 45 55 ns 
Output hold from address change tou 5 cS 5 ns 
Chip select to output in Lo-Z tLz ) 5 5 ns [Note 4] 
Chip deselect to output in Hi-Z tyz 0 20 0 25 0 30 ns [Note 3] 
Chip select to power-up time tpy 0 0 0 ns 
Chip deselect to power-down time tpp 0 4) 0 45 0 55 ns 


Note: [1] AC test conditions: 
Input pulse levels = GND to 3.0 V, 
Input pulse rise and fall times = 5 ns, 


Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
[2] All read and write cycle timings are from the last valid address to the first transitioning address. 
[3] Transition is measured at Vo, +200 mV and Voy — 200 mV with loading shown in figure 2. 
[4] Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 


N: KE Cc yPD4314 


AC Characteristics [Note 1] (cont) 
Ta =0°C to 70°C, Vog =5V 410% 


Limits 
 yPD4314-35 ss pPD4314-45 = pPD4314-55 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Write Cycle 
Write cycle time two 35 45 i) ns [Note 2] 
Chip select to end of write tow 35 40 45 ns 
Address valid to end of write taw 35 40 45 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 30 40 50 ns 
Write recovery time twr 0 0 0 ns 
Data valid to end of write tow 20 25 30 ns 
Data hold time toy 0 0 0 ns 
Write enable to output in Hi-Z twz 0 20 0 25 0 30 ns [Note 3] 
Output active from end of write tow 0 0 0 ns [Note 4] 
Note: [1] AC test conditions: 
Input pulse levels = GND to 3.0 V, 
Input pulse rise and fall times = 5 ns, 
Timing reference levels = 1.5 V. See figures 1 and 2 for output load. 
[2] All read and write cycle timings are referenced from the last valid address to the first transitioning address. 
[3] Transition is measured at Vo, +200 mV and Voy — 200 mV with loading shown in figure 2. 
[4] Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 
Figure 1. Output Load Truth Table 
cs WE MODE 110 lec 
H X Not selected Hi-Z Standby 
L H Read Dout Active 
L L Write Hi-Z Active 


83-001546A 


“Including Scope and Jig 
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Timing Waveforms 


Read Cycle No. 1(Address Access) 


Address 


DouT Previous Data Valid Data Valid 


Note: 


[1] WE is held high for read cycle. 


[2] Device is continuously selected, CS = Vj. e550 16S6A 


Read Cycle No. 2 (Chip Select Access) 


Data Valid 


Vcc 
Supply 
Current 


Notes: 


[1] WE is held high for read cycle. = 
[2] Address valid prior to or coincident with CS transition low. 


83-001548A 
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Write Cycle No. 1(WE Controlled) 


Address 


CS(2] Wr ‘UMMA 


<——— twp twR 


=— tas 


Data In Valid 


twz 


Note: 
(1] CS or WE must be high during address transition. 


[2] If CS goes high simultaneously with WE high, the outputs remain in a 
high-impedance state. 


83-001637A 


Write Cycle No. 2(CS Controlled) 


Address 


HLL 


tow tDH 


TED 


Note: {1] CS or WE must be high during address transition. 
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NEC Electronics Inc. 


Description 


The wPD4361 is a high-speed, low-power, 65,536- 
words by 1-bit static MIX-MOS RAM fabricated with a 
short-channel, silicon-gate MIX-MOS process. It is a 
low standby power device using CMOS peripheral 
circuits and N-channel memory cells with polysilicon 
resistors. Additionally, a unique circuitry technique 
achieves very high speed and low operating power. 
The uPD4361 requires no clock or refreshing to operate. 


The p.PD4361 is packaged in a 300 mil wide 22-pin plastic 
DIP (uPD4361C) and a 290 mil x 490 mil 22-pin ceramic 
leadless chip carrier (uPD4361K). The ».PD4361 has two 
types of access times, address and chip select. In addi- 
tion, the .PD4361C-L features a low-power data reten- 
tion mode. 


Features 


L) 65,536 x 1-bit organization 

LI Single +5 V supply 

L) Fully static operation—no clock or refreshing 
required 

LO All inputs and outputs TTL-compatible 

LJ Separated data input and output 

LJ Three-state output 

L] MIX-MOS process 

L) Data retention current of 504A max on the 
uPD4361C-L 

LJ Standard 300 mil 22-pin plastic DIP and 290 mil x 
490 mil ceramic LCC 

LJ Standard JEDEC pin configurations 


Performance Ranges 


Access 
Device Time Active Standby 
uPD4361-40 (1) 40 ns 120 mA 2mA 
uPD4361-45 45 ns 120 mA 2mA 
uPD4361-55 55 ns 120 mA 2mA 
uPD4361-70 (2) 70 ns 120 mA 2mA 


Note: 
(1) »PD4361K only. 
(2) u«PD4361C-70/70L only. 


Power Supply (Max) 


uUPD4361 
65,536 x 1-BIT 
STATIC MIX-MOS RAM 


Revision 1 


Pin Configurations 


22-Pin Plastic DIP 


83-002660A 


22-Pin Ceramic LCC 


Ai Ao Vcc A115 


fay fal Ts 
Iml Ind lool 


= 
ul 


5 
4 


Fa 


83-002659A 


Pin Identification 


No. Symbol Function 

1-8, 14-21 Ao-A15 Address inputs 

9 Dout Three-state data output 
10 WE Write enable 

11 GND Ground 

12 Cs Chip select 

13 Din Data input 

22 Vec Power supply 
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Block Diagram 


Memory Cell 


Address Row Array 
Buffer Decoder 256 Rows x 
256 Columns 


Sense/Switch 


Input DouT 
Data 


Control 


Output 
Data 
Control 


Column 
Decoder 


Aq As Ag Az Ag Ag Aig Ait 


83-002662A 


Limits Test 
Truth Table Parameter Symbol Min Typ Max Unit Conditions 
= x=  ° °«4xax—se au WE Mode Output lec Input capacitance Cin 5 pF Vin=OV 
H X Not selected High-Z Standby caemclaue Coour 7 pF Voour =0V 
[4 Read ——~S*ur SC «=SC*«CNte 
LL Write Highz Active — (1) This parameter is sampled and not 100% tested. 
DC Characteristics 
Ta = 0°C to +70°C; Vog =5 V 10% 
Limits 
uPD4361C/C-L uPD4361K Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Supply voltage Voc 45 5.0 ore) 45 5.0 ao V 
Input low voltage Vit —(.5 (1) 0.8 —0.5(1) 0.8 V 
Input high voltage Vin ne 6.0 2.2 6.0 V 
Input leakage current IL —2 2 —2 2 yA Vin = 9 V to Vcc, Voc = max 
Output leakage current lLo ap 2 —2 2 uA Vout = 0 V to Voc; CS = Vin, 
Voc = max 
Operating supply current lec 120 120 mA CS = Vit. Ipoyt = 0 mA 
Standby supply current Isp 20 20 mA CS = Vin 
_ isp) ttt tststi(‘él Rt! mA CS HV 0.2 V, Vi <O2V 
or >Vec — 0.2 V 
Output low voltage VoL 0.4 0.4 lo. = 8.0 mA 
Output high voltage VoH 2.4 2.4 lon = —4.0 mA 


Note: 
(1) —3.0 V for 20 ns pulse 
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Absolute Maximum Ratings 


Supply voltage, Vcc —0.5to7.0V 
Voltage on any pin, Vin —0.5 to 7.0 V (1) 
Operating temperature, Topp 0 to +70°C (2) 
Storage temperature, Tstg —55 to +125°C (3) 
Power dissipation, Pp 1.0 W 


Note: 

(1) —3.0 V for 20 ns pulse 

(2) Topr for 4361K = —10 to +85°C 
(3) Tstg for 4361K = —65 to +150°C 


Comment: Exposing the device to stresses above those listed in 
absolute maximum ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C; f = 1 MHz (1) 


NEC uPD4361 


AC Characteristics (Note 1) 
Ta = 0°C to +70°C; Veg = 5 V 10% 


Limits 

uPD4361-40(2) uPD4361-45 uPD4361-55 «PD4361-70(3) 
Parameter Symbol Min Max Min Max Min Max Min Max Unit 
Read Cycle 
Read cycle time tre (4) 40 45 55 70 ns 
Address access time taA 40 45 55 70 ns 
Chip select access time tacs 40 45 55 70 ns 
Output hold from address change ton 5 5 5 5 ns 
Chip select to output in Low-Z t.z (6) 5 ) 3 sy ns 
Chip deselect to output in High-Z tyz (5) 0 22 0 25 0 30 0 30 ns 
Chip select to power-up time tpy 0 0 0 0 ns 
Chip deselect to power-down time tpp 0 27 0 30 0 40 0 40 ns 
Write Cycle 
Write cycle time twc (4) 40 45 55 70 ns 
Chip selection to end of write tcw 37 40 50 60 ns 
Address valid to end of write taw 37 40 50 60 ns 
Address setup time tas 0 0 0 0 ns 
Write pulse width twp 23 25 30 40 ns 
Write recovery time twr 0 0 0 0 ns 
Data valid to end of write tpw 23 29 29 30 ns 
Data hold time toH 0 0 0 0 ns 
Write enabled to output in High-Z twz (5) 0 22 0 20 0 25 0 30 ns 
Output active from end of write tow (6) 0 0 0 0 ns 
Note: 


(1) AC test conditions: Input pulse levels = GND to3.0 V; Input pulse rise and fall times = 5 ns; Timing reference levels = 1.5 V; see figures 1 and 
2 for output load. 


(2) Available for vPD4361K only. 
(3) Available for .PD4361C or uPD4361C-L only. 
(4) All read and write cycle timings are referenced from the last valid address to the first transitioning address. 


(5) Transition is measured at Vo, + 200 mV and Voy — 200 mV with loading shown in figure 2. 
(6) Transition is measured +200 mV from steady state voltage with loading shown in figure 2. 


Figure 1. Output Load Figure 2. Output Load for t,z, tyz, twz, tow 


*Including Scope and Jig = *Including Scope and Jig 


83-001547A 
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Timing Waveforms 


Read Cycle No. 1 (Address Access) 


Address 


=—— ton 


Dout Previous Data Valid Data Valid 


Note: 
[1] WE is held high for read cycle. 
[2] Device is continuously selected, CS = VIL. 


Read Cycle No. 2 (Chip Select Access) 


= 4 Data Valid 


Note: [1] WE Is held high for read cycle. 
[2] Address valid prior to or coincident with CS transition low. 
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83-001548A 


NEC 


Write Cycle No. 1 (WE Controlled) 


\<___—_———- twc 


Address 


CS(2] Uff, ‘UUM 


tas <——— twp twR 


yp 


Data In Valid 


twz tow 


Note: 
[1] CS or WE must be high during address transition. 
[2] If CS goes high simultaneously with WE high, the outputs remain in a 
high-impedance state. 
83-001637A 


Write Cycle No. 2 (CS Controlled) 


tow tDH 


DIN Data In Valid 


twz 


Note: [1] CS or WE must be high during address transition. 


83-001549A 
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Low Vcc Data Retention Characteristics (Note 1) 


Ta = 0°C to 70°C 


Parameter Symbol 
Data retention supply voltage Vocor 
Data retention supply current ICCDR 
Chip deselect to data retention tcpr 
time 

Operation recovery time tr 
Note: 


(1) For w.PD4361C-L only. 


Data Retention 


Data Retention Mode 


Min 
2.0 


Limits 
Typ Max 
aks) 
1 50 


83-002661A 


UPD4361 
Unit Test Conditions 
V CS = Vcc — 0.2 V, Vin = Veco — 0.2 V or0V<Viy <0.2V 
yA Voc = 3.0 V, CS = Voc — 0.2 V, Vin = Veg — 0.2 V or 
OVS Vy S0.2V 
ns 
ns 
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NEC spose 
16,384 x 4-BIT 


NEC Electronics Inc. STATIC MIX-MOS RAM 


Description Pin Configuration 


The wPD4362 is a high-speed, low-power, 16,384- 
words by 4-bits static MIX-MOS RAM fabricated with a 
short-channel, silicon-gate MIX-MOS process. It is a 
low standby power device using N-channel memory 
cells with polysilicon resistors. Additionally, a unique 
circuitry technique achieves very high speed and low 
operating power. The wPD4362 requires no clock or 
refreshing to operate. 


1 
2 
3 
4 
§ 
6 
7 
8 
9 


_ 
o 


The uwPD4362 is packaged in a standard 22-pin plastic 
DIP. 


_ 
—s 


83-001571A 


Features : oo. 
. Pin Identification 
L) Single +5 V supply 


O Fully static operation — no clock or refresh required do symnel Function 
O All inputs and outputs TTL-compatible 19, 17-21 Ao —A13 Address input 
L) Common I/O capability 13-16 1/04 —1/04 Data input/output 
LJ Standard 300 mil 22-pin plastic DIP 10 Cs Chip select 
Performance Ranges 12 WE Write enable 
Power Sunsly (Mex) 22 Voc Power supply 
Device Access Time Active Standby Le Vss Sroung 
uPD4362C-45 45 ns 90 mA 2mA Block Diagram 
uPD4362C-55 55 ns 90 mA 2mA 
uPD4362C-70 70 ns 90 mA 2mA 
Memory Cell 
Absolute Maximum Ratings hey 
Supply voltage, Vcc —0.5 to 7.0 V 256 Columns 
All input and ouput voltages, Vin —0.5 (1) to 7.0 V 
Operating temperature, Topp 0°C to +70°C aie 
Storage temperature, Tstg —§6°C,to +125°C ca 
Power dissipation, Pp 1.0 W 
Note: (1) Vijxy = —3.0 V for 20 ns pulse ir 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 

Exposure to absolute maximum rating conditions for extended : 


periods may affect device reliability. 


A3 Aq As Ag A7 Ag 


83-001570A 
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Recommended DC Operating Conditions 
Ta =0°C to 70°C 


Limits 

Parameter Symbol Min Typ Max Unit 
Supply voltage Voc 45 5.0 5.5 V 
Input low voltage ViL —0.5 (1) 0.8 V 
Input high voltage Vi 2.2 Veg +03 V 
Note: (1) Vij, = —3.0 V for 20 ns pulse 
Capacitance 
Tp = 25°C; f = 1 MHz (1) 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance (Cyn 5 pF Vin =O0V 
1/0 capacitance Cpout 7 pF VpouT = 0 V 


Note: (1) This parameter is sampled and not 100% tested. 


DC Characteristics 
Ta = 0°C to +70°C; Veg = 5 V+ 10% 


Parameter Symbol Min Typ Max Unit Conditions 
Input leakage Ih =2 2 wA Vin =0- Voc; 
Current Voc = MAX 
Output leakage lo -2 2 wA Voyt =0- Voc: 
Current = Vin, 
Voc = MAX 
Operating loc 90 mA CS=Vj, 
supply current IpouT =O mA 
Standby Isp 20 mA CS=Viy 
SUEPPOUTENE fe 2 mA CS=Vcc-0.2V; 
Vin < 0.2 V or 
>Vec — 0.2 V 
Output low VoL 04 V_ Ip, =8.0mA 
voltage 
Output high Von 2.4 V lon =—4.0 mA 
voltage 
Truth Table 
cs WE Mode 1/0 lec 
H X Not selected High-Z Standby 
L H Read DouT Active 
L L Write High-Z Active 
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AC Characteristics 
Ta = 0°C to +70°C; Veg = 5 V+ 10% 


Limits 
4362-45 4362-55 4362-70 


Parameter Symbol Min Max Min Max Min Max — Unit 
Read Cycle 

Readcycletime tpre(2) 45 <i) 70 ns 
Address access taa 45 99 70 ns 
time 

Chip select tacs 45 S ) 70 ns 
access time 

Output hold from ton 5 ) 9 ns 


address change 


Chip selectionto t,7(3) 5 ) 5 ns 


Output in low-Z 


Chipdeselection to ty7(4) O 25 0 2 O 30 ns 


Output in high-Z 


Chip selection tpy 0 0 0 ns 
to power-up time 


Chip deselection 
to power-down 


tp oO 4 0 55 0 55. ns 


time 

Write Cycle 

Write cycletime twc(2) 45 55 70 ns 
Chip selection to tcw 40 50 60 ns 
end of write 

Address valid taw 40 50 60 ns 
to end of write 

Address set-up tas 0 0 0 ns 
time 

Write pulse width twp 40 50 60 ns 
Write recovery twr 0 0 0 ns 
time 

Data valid to tpw 20 2a 30 ns 
end of write 

Data hold time tpH 0 0 0 ns 


Write enabled to 
Output in high-Z 


tw7(4) 0 20 0 25 0 30. os 


Output active 
from end of write 


tow (3) 0 0 0 ns 


Note: (1) AC test conditions: input pulse levels = GND to 3.0 V; 


input pulse rise and fall times = 5 ns; timing reference 
levels = 1.5 V; see figures 1 and 2 for output load. 

(2) All read cycle timings are referenced from the last valid 
address to the first transitioning address. 

(3) Transition is measured +200 mV from steady state 
voltage with loading shown in figure 2. 

(4) Transition is measured at Vo, + 200 mV and 
Vono — 200 mV with loading shown in figure 2. 


NEC 


Figure 1. Output Load 


DouT 
255Q 30 pF* 


*Including Scope and Jig — 
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Figure 2. Output Load for tyz, tiz, twz, and tow 


480 Q 
DouT 
255 Q 


*Including Scope and Jig 
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Timing Waveforms 


Read Cycle No. 1 (Address Access) 


-+—— ton 


DouT Previous Data Valid Data Valid 


Notes: [1] WE is held high for read cycl 
[2] Device is continuou ees i CS + ViL. 


Read Cycle No. 2 (Chip Select Access) 


Current 


Notes: [1] WE is held high for read cycl 
[2] Address valid prior to or coin ie t with CS transition low. 
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Timing Waveforms (cont) 


Write Cycle No. 1 (WE Controlled) 


Address 


Csi1) 


DouT 


=<— tDH 


Data In Valid 


<—— twz tow 


Note: [1] CS or WE must be high during address transition 


W 
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Write Cycle No. 2 (CS Controlled) 


Address 


WE 


DIN 


DouT 


Note 


-—<— tpw tpbH — 


Data In Valid 


twz —— 


Yi //jj ata insetned //////// High-Z 


: [1] CS or WE must be high during address transition. 
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NEC Electronics Inc. 


Description 


The pPD4364 is a high-speed, low-power, 8,192-word by 
8-bit static MIX-MOS RAM fabricated with advanced 
silicon-gate MIX-MOS technology. The pPD4364 is a low 
standby power device using CMOS peripheral circuits 
and N-channel memory cells with polysilicon resistors. 
Furthermore, a unique circuitry technique makes the 
uPD4364 a very low operating power device which re- 
quires no clock or refreshing to operate. 


Two chip enable inputs are provided for battery back- 
up application, and an output enable input is included 
for easy interface. Data retention is guaranteed at a 
power supply voltage as low as 2V (uPD4364-12L/15L/ 
20L and wPD4364-12LL/15LL/20LL). 


The »PD4364 is packaged in standard 28-pin DIP and 
miniflat packages and is plug-in compatible with 2764- 
type EPROMs. 


Features 

LJ Single +5 V power supply 

[|] Fully static operation — no clock or refreshing 
required 

L] TTL compatible — all inputs and outputs 

[} Common !/O using three-state output 

_| Output enable and two chip enable inputs for easy 
application 

_) Data retention voltage 


— yPD4364-12L/15L/20L: 2 V min 

— pPD4364-12LL/15LL/20LL: 2 V min 
L) Standard 28-pin plastic DIP (uPD4364C) 
L) 28-pin miniflat (GOP) package (uPD4364G) 
LJ) Plug-in compatible with 2764-type EPROMs 


Performance Ranges 


rey — Power Supply (Max) 
Device (Max) (Min) Active Standby 
uPD4364-12/12L/12LL 120 ns 120 ns 40mA (Note 1) 
uPD4364-15 / 15L/ 15LL 150 ns 150 ns 40mA _ (Note 1) 
uPD4364-20/ 20L/ 20LL 200 ns 200 ns 35mA (Note 1) 


Note: 

(1) ~PD4364-12/15/20: 2mA max; 
uPD4364-12L/15L/20L: 100 vA max; 
uPD4364-12LL/15LL/20LL: 50 yA max 


uPD4364 
8,192 x 8-BIT 
STATIC MIX-MOS RAM 


Revision 1 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 
9 
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Pin Identification 


No. Symbol Function 

1 NC No connection 

2-10; 21, Ag-Ay2 Address input 

2a-20 

11-13, 15-19 =: 1/04-1/08 Data input / output 

14 GND Ground 

20 CE Chip enable input, 
active low 

22 OE Output enable input 

26 CE> Chip enable input, 
active high 

27 WE Write enable input 

28 Vec +5 V Power supply 


Absolute Maximum Ratings 
Power supply voltage, Voc —0.5V (1) to +7.0V 
—0.5V (1) toVeg +0.5V 


—0.5V (1) toVeg +0.5V 


Input voltage, Vin 
Output voltage, Voy 


Operating temperature, Topp 0 to 70°C 
Storage temperature, Tstg —55 to 125°C 
Power dissipation, Pp 1.0W 


Note: 
(1) —3.0V min (Pulse width 50 ns max) 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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Block Diagram 


Memory Cell 
Address Row Array 
Buffer Decoder 256 Rows 
32 x 8 Columns 


Control 


Column 
Decoder 


Address 
Buffer 
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Capacitance 
Ta = 25°C, f = 1.0 MHz 

Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Input Cin 6 pF Vin=OV 
Capacitance 
Input/output C/o 8 pF Viso=0V 
capacitance 


Recommended DC Operating Conditions 
Ta =O to +70°C 


Limits 
Parameter Symbol Mins Typ”—i(iéwMax:—=C«*™” Unit 
Input voltage low Vib —0.3(1) 0.8 V 
Input voltage high Vin 2.2 Vec +0.5 V 
Note: 


(1) —3.0V min (Pulse width 50 ns max) 


7-40 


NEC 


DC Characteristics 
Tp = 0°C to 70°C, Veg = 5V + 10% 


Limits 


i Test 
Parameter Symbol Min Typ Max _— Unit Conditions 
Input leakage =I 1 vA Vin=O0V to Voc 
current 
Output leakage lio 1 HA Vi ;g=0V to Voc 
current CEy=Vjy or 
CEg=Vi_ or 
OE=Vjy or 
WE=Vi, 
Operating loca (1) mA CEy=Vy, 
supply current CE =Vjn, 
Ivo = 0, 
Min cycle 
Operating loca2 15 mA CCE= Vu, 
supply current CEo=Vin, 
0 = 0, 
DC current 
Standby supply Isp (2) mA CEy=Viyor 
current CE9=Vyi 
Standby supply Iggy (3) mA CE;2Voc-0.2V 
Current CEo 2Vec—0.2V 
Standby supply spo (3) mA CE9<0.2V 
current 
Output voltage Vo, 0.4 Vs lop =2.1mA 
low 
Output voltage Voy 2.4 Vs loy=—-1.0mA 
high 
Notes: 


(1) «PD4364-12/12L/12LL: 40 mA max; 20 mA typ 
uPD4364-15/15L/15LL: 40 mA max; 18 mA typ 
uPD4364-20/20L/20LL: 35 mA max; 14mA typ 


uPD4364-12/15/20: 5mA max 
uPD4364-12L/15L/20L: 3mA max 
uPD4364-12LL/15LL/20LL: 3mA max 


uPD4364-12/15/20: 2mA max, 20,uA typ 
uPD4364-12L/15L/20L: 100 vA max, 2uA typ 
uPD4364-12LL/15LL/20LL: 50 vA max, 2A typ 


S 


S 


N. Kk Cc uPD4364 


AC Characteristics 
Ta =0°C to 70°C, Vog = 5 V 10% 


Limits 
uPD4364 uPD4364 uPD4364 
-12/12L/12LL ~15/15L/45LL -20/20L/20LL Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions(1) 
Read Cycle 
Read cycle time tro 120 150 200 ns 
Address access time tana 120 150 200 ns 
CE; access time tcot 120 150 200 ns 
CE» access time tco2 120 150 200 ns 
Output enable to output valid tog 60 70 100 ns 
Output hold from address change tou 10 15 15 ns 
Chip enable (CE}) to output in Lo-Z tL 73 10 15 15 ns 
Chip enable (CE>) to output in Lo-Z tz 10 15 15 ns 
Output enable to output in Lo-Z toLz 5 5 5 ns 
Chip enable (CE;) to output in Hi-Z tH74 40 50 100 ns 
Chip enable (CE>) to output in Hi-Z tyz2 40 50 100 ns 
Output enable to output in Hi-Z toHz 40 50 80 ns 
Write Cycle 
Write cycle time two 120 150 200 ns 
Chip enable (CE,) to end of write tows 85 100 180 ns 
Chip enable (CE9) to end of write tow2 85 100 180 ns 
Address valid to end of write taw 85 100 180 ns 
Address setup time tas 0 0 0 ns 
Write pulse width twp 70 90 140 ns 
Write recovery time twr 9 5 5 ns 
Data valid to end of write tow 50 60 80 ns 
Data hold time toy 0 0 0 ns 
Write enable to output in Hi-Z twuz 40 50 100 ns 
Output active from end of write tow 5 10 10 ns 
Note: 


(1) Input pulse levels: 0.8 V to 2.4V 
Input pulse rise and fall times: 5ns 
Timing reference levels: 1.5V 
Output load: 1 TTL gate and C,; = 100 pF 


Truth Table 
CE; CE, OF WE MODE 110 lec 
H X X X Not selected Hi-Z Standby 
X L X X Not selected Hi-Z Standby 
L H H H Doyt disabled Hi-Z Active 
L H L H Read Dout Active 
L H X L Write Din Active 
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Timing Waveforms 


Read Cycle No. 1(Address Access) (Notes 1, 2) 


Address 


Dout Previous Data Valid Data Valid 


Notes: 
(1) WEis high for read cycle. 
(2) Device is continuously selected, CE, = OE = V,,, CE, = Vi. 
83-001755A 


Read Cycle No. 2 (Chip Enable Access) (Notes 1, 2) 


Address 


<——_—_— taa———___ 


=a tcoi——_> 


\AAAA MLLLLL 


tHz1 


tco2a—e> 
td] 


aT este 
\AAAN LLL 1 
exe! 
sa 
— High-Z (xX) pata vais) High-Z 


Notes: 
(1) WE is high for read cycle. 


(2) Address valid prior to or coincident with CE, transition low, CE, 
transition high. 
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Write Cycle No. 1(WE Controlled) (Notes 1, 2, 3) 


Address 


i \AAS LLL LL 


+_———-tcw2—_____» 


= LLL WAAA 


+ tas->|<+—_——__twp-———_»>|_ |<—twr 


par 


Data Undefined oo 


twHz> —itow 


Notes: 
(1) Awrite occurs during the overlap of a low CE, and a high CE, anda 
low WE. 


(2) CE, or WE (or CE,) must be high (low) during address transition. 
(3) If OEis high, !/O pins remain in a high impedance state. 


NEC 


Timing Waveforms (cont) 


Write Cycle No. 2 (CE; Controlled) (Notes 1, 2) 


tcw2——_—_> 


WANA 


twe———> 


7771 


«— tpow— tpn 


ee [7 /// Lf 


w \\AAANS 


High-Z 
Dout 


Notes: 
() A wines during the overlap of a low CE, and a high CE, anda 
low 


(2) CE, or WE (or CE,) must be high (low) during address transition. 
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Write Cycle No. 3 (CE Controlled) (Notes 1, 2) 


twc 


oF \\AAKAA ALLL LL 


«tas twR> 


-—tcw2 


se yy 


m\\AAANY LLL LLL 


@—tow—e|\<toHe 


High-Z 
Dout 


Notes: 
(1) Awrite occurs during the overlap of a low CE, and a high CE, anda 
low WE. 7 Fa 


(2) CE, or WE (or CE,) must be high (low) during address transition. 
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Low Vcc Data Retention Data Retention (CE; Controlled) (Note 1) 


Characteristics (Note 1) 
Ta = 0°C to 70°C 


<tc pR-»>|<+— Data Retention Mode >| tr 


Limits 


siete tac tt secretes Test 
Parameter Symbol Min Typ Max Unit Conditions 
Data retention Vecpri 2.0 5.5 V_ CE;>Voc-0.2V 
supply voltage CE9 >Voc—0.2V 
Data retention Vocpro 2.0 30 V CEo<0.2V 
supply voltage 
Data retention Iccpri 1 (2) vA Voc=3.0V 
supply current CE; 2Vec-0.2V 

CE9 2Vec-0.2V (1) CE, must be equal to or higher than Voc — 0.2V, 

a en ieee eee "ne the other inputs (Addresses, OE, WE, I/Os) 
Data retention Iccpre 1 (2) vA Vcec=3.0V can be in ahigh impadance state. 
supply current CEo<0.2V ae 
Chip deselect to tcpr 0 ns . 
data retention Data Retention (CE Controlled) (Note 1) 
time 
Operation tr trc ns tcpRr—<—»|<—_——_Data Retention Mode ——> 
recovery time 
Notes: 


(1) For uwPD4364-12L/12LL, 1.PD4364-15L/15LL, 
uPD4364-20L/20LL only 


(2) uPD4364-12L/15L/20L: 50 uA max; 15 yA (0 to 40°C) 


uPD4364-12LL/15LL/20LL: 20 vA max; 5A (0 to 40°C) 
CE2<0.2V 


(1) The other inputs (Addresses, CE,, OE, WE, | 
can be in a high impedance state. 
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uPD4464 
8,192 x 8-BIT 
STATIC CMOS RAM 


Revision 1 


Description 


The pPD4464 is a high-speed, low-power, 8,192-word by 
8-bit static CMOS RAM fabricated with advanced 
silicon-gate CMOS technology. The pPD4464 is a very 
low standby power device using full CMOS memory 
cells with 6 transistors. Furthermore, a unique circuitry 
technique makes the pPD4464 a very low operating 
power device which requires no clock or refreshing to 
operate. 


Two chip enable inputs are provided for battery backup 
application, and an output enable input is included for 
easy interface. Data retention is guaranteed at a power 
supply voltage as low as 2 V. 


The uPD4464 is packaged in a standard 28-pin DIP and 
miniflat package and is plug-in compatible with 2764- 
type EPROMs. 


Features 


Single +5 V power supply 

Fully static operation — no clock or refreshing 
required 

TTL compatible — all inputs and outputs 
Common I/O using three-state output 

Output enable and two chip enable inputs for easy 
application 

Data retention voltage: 2V min 

Standard 28-pin plastic DIP (uPD4464C) 

28-pin miniflat (SOP) package (uPD4464G) 
Plug-in compatible with 2764-type EPROMs 
Operating temperature range: — 40°C to 85°C 


OOOOO OOO OO 


Performance Ranges 


Access Cycle 


Time Time Power Supply (Max) 

Device (Max) (Min) Active Standby 
uPD4464-15 150 ns 150 ns 40mA_ = 10 pA [1] 
uPD4464-20 200ns = 200ns) 35mA ~~ 10pA[1] 
Note: [1] »PD4464-15L/20L: 1.0 uA max (— 40°C to 60°C) 

0.2 vA max (— 40°C to 25°C) 
Capacitance 
Ta = 25°C, f = 1.0 MHz 

Limits Test 

Parameter Symbol Min Typ Max _ Unit Conditions 
Input Cin 6 pF Vin=OV 
Capacitance 
Input/output Cji/q 8 pF Viso=0V 
Capacitance 


Pin Configuration 


83-001669A 


Pin Identification 


No Symbol Function 

1 NC No connection 

2-10, 21, 25-27 Ao-A42 Address input 

11-13, 15-19 1/04-1/0g Data input/output 

14 GND Ground 

20 CE; Chip enable active low 
22 OE Output enable 

26 CE> Chip enable active high 
27 WE Write enable 

28 Vcc +5 V power supply 


Absolute Maximum Ratings 


Power supply voltage, Voc —0.5 V (1) to +7.0 V 
Input voltage, Vin —0.5 V (1) to Veg+ 0.5 V 
Output voltage, Voyt —0.5 V (1) to Veg+ 0.5 V 
Operating temperature, Topr —40 to 85°C 
Storage temperature, TsTg —55 to 125°C 


Power dissipation, Pp 1.0 W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 
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Block Diagram 


Recommended DC Operating Conditions 
Ta = — 40°C to 85°C 


Limits 
Parameter Symbol Min Typ Max Unit 
Supply voltage Vec 4.5 5.0 5.5 V 
Input voltage low Vit -0.3[1] 0.8 V 
Input voltage high = Vy 2.2 Vec + 0.5 V 


Note: [1] —3.0V min (Pulse width 50 ns max) 


DC Characteristics 
Ta = — 40°C to 85°C, Vog =5V+10% 
el... Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input leakage = IL 1 vA Vin=0VtoVec 
current 
|/0 leakage lLo 1 vA Visg=0VtoVec 
current CE, =Viy or 
CE = Vit or 
0E= Viy or 
WE=Vj, 
Operating ICCA [1] mA CE=Vy, 
supply current CEo=Vin, 
l/o=9, 
Min Cycle 
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Menor © Cell Array 
Rows 
32 x 8 Columns 


Sense/Switch pas 


Output 
D 


ata 
Control 
Column Decoder 


A2 Az Ag 


DC Characteristics (cont) 
Ta = — 40°C to 85°C, Vog =5V 410% 


Limits 

Parameter Symbol Min Typ Max 
Operating supply Icca2 5 15 
current 

Standby supply —Iecsj 0.02 10[2] 
current 

Standby supply Ic¢csa 0.02 10(2] 
current 

Output voltage Vo, 0.4 
low 


Output voltage Voy 2.4 
high 


Notes: [1] »«.PD4464-15/15L: 40 mA max 


uPD4464-20/20L: 35 mA max 


NEC 


83-001650B 


Test 
Unit Conditions 
mA CEy=Vi1, 
CEo=Vin, 
l/o=0 
(DC current) 
uA CEy>Vcoc—0.2V 
CEo >Vec-0.2V 


vA CEo<0.2V 
Volo, =2.1mA 
Vs lo4=—1.0mA 


[2] «PD4464-15L/20L: 1.0 vA max (— 40°C to 60°C) 
0.2 vA max (— 40°C to 25°C) 


NV KE C uPD4464 


AC Characteristics Truth Table 
Ta = — 40°C to 85°C, Ver =5V+10° — — — 
s a amd — : , CE, CE, OF WE MODE 10 leg 
ss... HX XX Notselected Hi-Z Standby 
uPD4464 .PD4464 : 
-15 -20 Test X L X X Not selected Hi-Z Standby 
Parameter Symbol Min Max Min Max Unit Conditions[1} L H H H Dour disabled Hi-Z Active 
Read Cycle L H L H Read Dout Active 
Read cycle time tre 150 200 ns L H X L Write Din Active 
Address access time tan 150 200 ~=ns 
CE; access time toot 150 200 ns Timing Waveforms 
CE» access time tco2 150 200 =o ns 
Output enable to i 75 00. ns Read Cycle No. 1(Address Access) 
output valid 
Output hold from tou 10 10 ns tac 
address change Address 
Chip enable (CE}) to tiz} 10 10 ns tow Ae 
output in Low-Z Dour Previous Data Valid Data Valid 
Chipenable (CE9)to tyz2 10 10 ns 
output in Low-Z 
Output enable to to.z 5 5 ns Note: 
output in Low-Z [1] WE is high for read cycle. on) a 
ee oe oo ge ee 2) D i i ti | | t 5 = = 
Chip enable (CE,) to tuz1 75 100 7a [2] aie ia inuously selected: CE; = OE = Vj,, 
output in High-Z 
; 83-001651A 
Chip enable (CE) to —tyz9 fo 100 ~=ons 


output in High-Z 
Read Cycle No. 2 (Chip Enable Access) 


Output enable to tonz 60 80 ns 
output in High-Z 
Write Cycle 
Add 

Write cycle time two 150 200 ns — 
Chip enable (CE}) to tow; 130 180 ns ee 
end of write . 
Chip enable (CE) to tcowe 130 180 ns 
end of write 
Address validtoend taw 130 180 ns 
of write 
Address setup time _— tas 0 0 ns 
Write pulse width twp 100 140 ns 
Write recovery time §twre 9 ) ns 
cs validtoendof tpw 70 80 ns Note: 

[1] WE is high for read cycle. 
Data hold time 'DH 9 ° ns [2] Address valid prior to or coincident with CE, transition 
Write enable to output = tyyz vo 100 =o ns low and CE2 transition high. 
in High-Z 83-001652A 
Output active from tow 10 10 ns 
end of write 


Note: [1] Input pulse levels: 0.8V to 2.4V 
Input pulse rise and fall times: 5ns 
Timing reference levels: 1.5V 
Output load: 1 TTL gate and C; = 100 pF 
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Timing Waveforms (cont) 


Write Cycle No. 1 (WE Controlled) 


Write Cycle No. 3 (CE Controlled) 


Address 


Data-in Valid 


High-Z 


fs 
| %  Data-in Valid 
tw 


t 
HZ Ow 
Data Undefined mgré 


Dour 


Note: 


[1] A. write occurs during a low WE and the overlap of a low 
CE, and a high CEo. 


[2] CE; or WE must be high or CE2 must be low during 
address transition. 


Note: 


[1] A write occurs during a low WE and the overlap of a 
low CE, and a high CEo2. 


[2] CE, or WE must be high or CE2 must be low during 
address transition. 


[3] If OE is high, I/O pins remain in a high-impedance state. 
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Low Vcc Data Retention Characteristics 
Ta = — 40°C to 85°C 


Write Cycle No. 2 (CE; Controlled) Limits 


Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Data retention Vocpri 2.0 5.5 VV CEy2Voc—-0.2V 
supply voltage CE9 >Voc—-0.2V 
Data retention Vcocpr2 2.0 5.0 Vo CE9<0.2V 
supply voltage 
Dataretention Iccpry 0.01 10[1] pA parle 
\ Supply current 12Vcoc—-0.2V 
LAA NN CE92Vcec—-0.2V 
Data retention Iccpre 0.01 10[1] pA Vec=3.0V 
; Ai / // supply current CE9<0.2V 
a ton Chip deselect to tcpr 0 ns 
data retention 
ee time 
Dour = Operation tp trc ns 


Note: 


[1] A write occurs during a low WE and the overlap of a low 
CE, and a high CE. 


[2] CE or WE must be high or CE2 must be low during address 
transition. 


83-001654A 
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recovery time 


Note: [1] PD4464-15L/20L: 1.0 vA max (— 40°C to 60°C) 
0.2 vA max (— 40°C to 25°C) 


NEC vpp4aaea 


Timing Waveforms (cont) 


Data Retention (CE; Controlled) Data Retention (CE Controlled) 


tCorR ee Data Retention Mode» <— tr + 


[1] The inputs [Addresses, CE1, OE, WE, I/Os] can be ina 
high-impedance state. 
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[1] CE2 must be equal to or higher than Vcc ~ 0.2 V. The other 
inputs (Addresses, OE, WE, I/Os] can be ina high- 
impedance state. 


83-001667A 
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NEC uPD43256 
. 32,768 x 8-BIT 
NEC Electronics Inc. STATIC MIX-MOS RAM 


Revision 1 


Description Pin Configuration 


The pPD43256 is a high-speed, low-power, 32,768-word 
by 8-bit static MIX-MOS RAM fabricated with advanced 
silicon-gate MIX-MOS technology. The pPD43256 is a 
low standby power device using n-channel memory 
cells with polysilicon resistors. Furthermore, a novel cir- 
Cuitry technique makes the ,PD43256 a high-speed and 
low operating power device which requires no clock or 
refreshing to operate. 


Minimum standby power is drawn by this device when 
CS is at a high level, independently of the other inputs’ 
levels. 


Data retention is guaranteed at a power supply voltage 
as low as 2 V (uPD43256-10L/12L/15L). 


The pPD43256C is packaged in a standard 28-pin plastic 


dual-in-line package. Pin Identification Table 

The uPD43256G is packaged in a standard 28-pin plastic No. Symbol Function 

miniflat (SOP) package. 1-10, 21, 23-26 ef Address input 

Features 11-13, 15-19 1/04-1/0g Data input/output 
14 GND Ground 


LL] Single +5V supply ets 
O) Fully static operation — no clock or refreshing 20 CS Chip select 
required 22 OE Ouput enable 
L] TTL-compatible — all inputs and outputs o7 WE Write enable 
L} Common !/O using three-state output 8 y ° BV 
1 One Chip Select and one Output Enable input for CC clad aa 
easy application 

L] Data retention voltage 

— pyPD43256-10L/12L/15L: 2 V min 

L) Standard 28-pin plastic DIP and miniflat (SOP) ev 


packages \ halen acy 
Buffer 512 Rows 
64 x 8 Columns 


Performance Ranges 


Access Cycle Power Supply (Max) 7 
Device Time Time Active Standby : toe 
uPD43256-10 100 ns 100 ns 70mA 2mA Control 
uPD43256-12 120ns =: 120 ns 70mA 2mA os 
uPD43256-15 150ns_  150ns 70mA 2mA hisieeas 
uPD43256-10L 100ns  100ns 70 mA 100 pA ooo 
uPD43256-12L 120 ns 120 ns 70mA 100 pA 
uPD43256-15L 150 ns 150 ns 70mA 100 pA 
Capacitance 
Ta = 20°C, f=1MHz 
_ mits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cy 5 pF Viy=0V 83-001402A 
Input /output Ci/o 8 pF Visp=0V 


Capacitance 
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uPD43256 


Absolute Maximum Ratings 


Power supply voltage, Voc 
Input voltage, Vix 
Output voltage, Vio 
Operating temperature, Topp 
Storage temperature, Tstg 
Power dissipation, Pp 
Note: [1] —3.0V min (pulse width 50 ns) 


—0.5{1] to 7.0V 
-0.5[1] to Veg + 0.5V 
~0.5[1] to Veg + 0.5V 
0 to 70°C 

—55 to 125°C 

1.0W 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


Recommended DC Operating Conditions 


Ta = 0 to 70°C 
Limits 
Parameter Symbol Min Typ 
Supply voltage Vec 4.5 5.0 
Input low voltage ViL —0.3[1] 
Input high voltage = Vin oun 
Note: [1] —3.0V min (pulse width 50 ns) 
DC Characteristics 
Ta = 0 to 70°C, Vog =5V +10% 
Limits 
Parameter Symbol Min Typ Max 
Input leakage Ih 1 
current 
|/0 leakage lLo 1 
current 
Operating supply Icca Note1 70 
current 
Standby supply —Isg Note 2 
current 
Standby supply —Ispy Note 3 Note 3 
current 
Output low VoL 0.4 
voltage 
Output high VoH 2.4 
voltage 


Notes: [1] ».PD43256-10/10L: 35 mA typ 
uPD43256-12/12L: 30 mA typ 
puPD43256-15/15L: 25 mA typ 

[2] »PD43256-10/12/15: 5 mA max 
pPD43256-10L/12L/15L: 3mA max 


[3] uPD43256-10/12/15: 20 vA typ, 2mA max 


Test 
Unit Conditions 


HA Viy=0 to Voc 


vA Vi/0=0to Vcc 
CS 2Vjy or 
OE > Vjy or 
WES Vj, 


mA CS<Vi,, Min 
Cycle |) ;g=0 


mA CS2>Viy 
mA CS2Vcc-0.2V 
Vs lo, =2.1mA 


V low=—1.0 mA 


uPD43256-10L/12L/15L: 2 uA typ, 100 vA max 
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AC Characteristics 
Ta =0 to 70°C, Vog = 5V 410% 


uPD43256 ,PD43256 uPD43256 


NEC 


“10/10L = -42/12L) = -15/15L 
Parameter Symbol Min Max Min Max Min Max Unit 
Read Cycle 
Read cycle time tre 100 120 150 ns 
Address access taa 100 120 150 ns 
time 
Chip select access tacs 100 120 150 ns 
time 
Outputenableto — tor 50 60 70 ~=ons 
output valid 
Output hold from = toy 10 10 10 ns 
address change 
Chip select to teLz 10 10 10 ns 
output in Lo-Z 
Outputenableto  to,z 9 9 ) ns 
output in Lo-Z 
Chip select to tcnz 35 40 50 =o 
output in Hi-Z 
Outputenableto = toyz 35 40 90.—S ons 
output in Hi-Z 
Write Cycle 
Write cycle time twe 100 120 150 ns 
Chip selecttoend tow 80 85 100 ns 
of write 
Address valid to taw 80 85 100 ns 
end of write 
Address setup time tas 0 0 0 ns 
Write pulse width = twp 70 70 90 ns 
Write recovery time twp 5 9 5 ns 
Datavalidtoend tpw 40 50 60 ns 
of write 
Data hold time toy 0 0 0 ns 
Write enable to twuz 35 40 90. ~=ons 
output in Hi-Z 
Output active from = tow 10 10 10 ns 
end of write 
AC Test Conditions 
Input pulse levels 0.8 to 2.2V 
Input pulse rise and fall time 5ns 
Timing reference levels 1.5V 
Truth Table 
cs OE WE MODE 10 lee 

H X X Not selected Hi-Z Standby 

L H H Not selected Hi-Z Active 

L i. H Read Dout Active 

L X L Write Din Active 


N. EK Cc uPD43256 


AC Test Circuits 


For tcuz, tovz, tcHz, toHz, twHz, and tow 


+5V +5V 
1800 2 1800 2 
0 0 
990 2 990 2 
T 100 pF* T 5 pF* 


Timing Waveforms 


Read Cycle No. 1 (Address Access) (Notes 1, 2) 


Address 


Previous Data Valid Data Valid 


83-003661B 


Read Cycle No. 2 (Chip Select Access) (Notes 1, 3) 


Address 


\\AAA AL LLL 


tcLz + tCHZ 


\AAA\A YG ALL LLL 


vy —_taesetes_{¥X) 


Notes: 

[1] WE is high for read cycle. 

[2] Device is continuously selected, 
CS = OE = Vi. 

[3] Address valid prior to or coincident with 
CS transition low. 


83-001404B 
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uPD43256 NV. KE Cc 


Timing Waveforms (Cont) 


Write Cycle No. 1 (WE Controlled) (Notes 1, 2, 3) 


Data Undefined [4] 


Write Cycle No. 2 (CS Controlled) (Notes 1, 2) 


Dout High-impedance 
Notes: 


[1] A write occurs during the overlap of alow 
CS and a low WE. 


[2] ©S or WE must be high during address 
transition. 


[3] If OE is high, 1/O pins remain in a high- 
impedance state. 

[4] During this period, !/O pins are in the 
output state, therefore input signals of 
opposite phase to the outputs must not be 
applied. 


83-001405B 
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Low Vcc Data Retention Characteristics 
Ta =0 to 70°C for uPD43256-10L/12L/15L 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Data retention  Vocpr 2.0 5.5 V CS2Voc-0.2V 
supply voltage 
Data retention IccorR 1 50 vA Voc=3.0V, 
supply current CS2Vcec-0.2V 
Chip deselection tcpr 0 ns 
to data retention 
mode 
Operation tr tre ns 
recovery time 


uPD43256 


Data Retention Timing Chart 


CS2Vcc -0.2V 


GND ee eee cee eee ee ee ee ee ee ee ee come cere ne a ee eee ee ee 


Note: 1. The other inputs (Addresses, OE, WE, I/Os) can be in a high- 
impedance state. 


83-001406A 
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ECL RAMs 8 


ECL RAMs NEC 


Section 8 — ECL RAMs Page 
yPB10422 256 x 4-Bit 10K ECL. RAM ...esccc cscs ccvcvasaddssenedeweavsaeweowwasian 8-1 
uPB10470 #096 % 1=Bit 10K EGLAAM oss ccedeescsd o000586064560000E vA be Keseeuweus 8-5 
uPB10474 1,024 x 4-Bit 10K ECL RAM ........... ccc ccc cece ccc ce sce esenceeeseene 8-9 
uPB100422 250 % 4-Bil TOOK ECL MAM. <i <cccmeseccpesoeevst vo saunweeenccumeunens 8-13 
uPB100470 4,096 x 1-Bit 100K ECL RAM ...... ccc ccc cece eee tent eenes 8-17 
uPB100474 1.024 > 8-6 100K ECL RAM «é cwanaaccdvs deeeeidaesenaeteseeesennvesaa 8-21 


NEC uPB10422 
256 x 4-BIT 
NEC Electronics Inc. 10K ECL RAM 


Revision 1 


Description Pin Configuration 


The NEC uwPB10422 is a very high speed ECL 10K 
interface RAM. It is organized as 256 words by 4 bits 
with non-inverted open emitter outputs and low power 
consumption. Two fast access time versions are 
available: 7 ns max. (uwPB10422-7) and 10 ns max. 
(uPB10422-10). The uPB10422 is available in a 400 mil 
24-pin ceramic DIP. 


Features 


C1) 256 word x 4-bit organization 
L) ECL 10K interface 
CL) Non-inverted open emitter output 


C) Fast access times 
C1 Low power consumption Pin Identification 


L) Available in a 24-pin ceramic DIP No. Symbol Function 
1 Vcca Power supply (output devices) 
2, 4, 21, 23 D04-D0, Data outputs 


Performance Ranges 


Device Package mana Pais id) 3, 5, 20, 22 BS1-BS, Block select inputs 
uPB10422-7 24-pin ceramic DIP 7 ns —220 mA 6, 7, 18, 19 Dl4-Dl4 Data inputs 
uPB10422-10 —_24-pin ceramic DIP 10 ns 220 mA 8 WE Write enable 
9-11, 13-17 Ag-A7 Addresses 
12 VEE Power supply 
24 Vcc Power supply (current switches and 
bias driver) 
Block Diagram 


Y-Decoder/Driver 


[veeaeroive 
Van BES MY, 


Memory Cell Array 
256 Words x 4 Bits 


~~ 
$ 
tt 
= 
= 
® 
j 
ba 


Block 3 Block 4 


BS; Diz DO; BS2 Diz DO2 BS3 Di3DO3 BS4 Dig DO4 
83-003215A 
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Absolute Maximum Ratings 


Supply voltage, Ve¢ to Vec +0.5 to —7.0 V 
Input voltage, Vin +0.5 V to Veg 
Output current, lout +0.1 to —30 mA 
Storage temperature, Tstg —65 to +150°C 

Under bias, Tsqg (bias) =65 to + 129°C 


Comment: Exposing the device to stresses above those listed in 


Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC Characteristics 
Ta = 0 to 75°C, Veg = —5.2 V, output load = 50 to -2 V 


Limits 


Parameter Symbol Min 
Output voltage, high VoH —1000 
—960 

—900 
VoL —1870 
—1850 
—1830 
Output threshold voltage, high VonHc —1020 
—980 

—920 


Output voltage, low 


Output threshold voltage, low Voc 


Input voltage, high Vin —1145 
~—1105 
—1045 
Input voltage, low Vit —1870 
—1850 
—1830 
Input current, high lH 
Input current, low lye 0.5 
—50 


Supply current lee —220 


Note: 


Max 
—840 
—810 
—720 
—1665 
—1650 
—1625 


—1645 
—1630 
—1605 
—840 
—810 
—720 
—1490 
—1475 
—1450 
220 
170 


Unit 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
mV 
uA 

uA 

yA 

mA 


NEC 


Test 
Conditions 


Vin = Vin max or Vi_ min, Ta = 0°C 
Vin = Vin Max or Vi_ min, Ta = 25°C 
Vin = Vin Max or Vi_ min, Ta = 75°C 
Vin = Vin Max or Vi_ min, Ta = 0°C 
Vin = Vin max or Vi, min, Ta = 25°C 
Vin = Vin max or Vi, min, Ta = 75°C 
Vin = Vin min or Vip max, Ta = 0°C 
Vin = Vin min or Vip max, Ta = 25°C 
Vin = Vin min or Vip max, Ta = 75°C 
Vin = Vin min or Vip max, Ta = 0°C 
Vin = Vin min or Vip max, Ta = 25°C 
Vin = Vin min or Vip max, Ta = 75°C 
For all inputs, Ta =0°C 

For all inputs, T, = 25°C 

For all inputs, T, = 75°C 

For all inputs, Ta = 0°C 

For all inputs, Ta = 25°C 

For all inputs, T, = 75°C 

Vin = Vin max 

BS4-BS4, Vin = Vi, min 

All others, Vjy = Vi, min 

All inputs and outputs open 


(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 


greater than 2.0 m/s. 
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Capacitance Timing Waveforms 
Limits 
uPB10422-7 yPB10422-10 Read Mode 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Input capacitance Cin 4 4 pF 
Output capacitance Coyt 5 5 pF 


AC Characteristics 
Ta = 0 to 75°C, Veg =—-5.2V + 5% 


Limits Address 
uPB10422-7 uPB10422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Read Mode 


Block select taBs ) ) ns a Basiencet 
access time 
Block select _trps 5 5 ns Write Mode 
recovery time 
Address access tpn 7 10 ns 
time 
Write Mode 
Witeoulse tw .#o#o i 56.6 °° 4x5 a 
rite pulse W ns 
width a 
Data setup wep 2, a <i 
time nam na har oem 
Data hold tWHD 1 2 ns 
time twsD 
Address setup twsa 1 2 ns twsa 
time twsBS 
Address hold ~— twHa 1 2 ns 
time 2 
Block select twsBs 1 2 ns tws 
setup time 83-003219A 
Block select tWHBS 1 2 ns 
hold time 
Write disable = tws 5 5 ns 
time 
Write recovery twr 6 9 ns 
time 


Output Rise and Fall Times 


Output rise tp 2 2 ns 
time 

Output fall tr 2 2 ns 
time 

Note: 


(1) Device under test is mounted in a test socket and measured at a 
thermal equilibrium established with a transverse air flow main- 
tained at greater than 2.0 m/s. 


(2) All timing measurements are referenced to 50% input levels. 
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Figure 1. Loading Conditions Test Circuit 


Vec(GND) Vcca (GND) 
O O 


Device 
Under 
Test 


83-003221A 


Figure 2. 


Input Pulse 


tr tr 
Note: tn = tr = 2.5 ns (typ). 


NEC 


NEC 


NEC Electronics Inc. 


HPB10470 
4,096 x 1-BIT 
10K ECL RAM 


Revision 1 


Description 


The NEC pPB10470 is a very high-speed ECL 100 K inter- 
face Random-access Memory. The device is organized 
as 4K words by 1 bit, with an open emitter output (nonin- 
verted), and low power consumption. Two fast access 
time versions are available: 10ns max (uPB10470-10) and 
15ns max (uPB10470-15). 


The »PB100470 is available in a hermetic, 300mil, 18- 
lead DIP. 


Features 


4K-word x 1-bit organization 

ECL 100K interface 

Open emitter output (noninverted) 

Fast access times 

Low power consumption 

Available in 18-lead, 300 mil, DIP and LCC 
2 performance ranges: 


OOUOOOO0 


Power 
Consumption 


1.2W max 


Access 
Device Package Time 


»PB10470-10 DIP 10ns max 


1PB10470-15 DIP 15ns max 1.2W max 


Block Diagram 


Memory Cell Array 
64 x 64 


Word Driver 


7 
3 
” 
7] 
® 
i= 
aol 
TG 
* 
< 


Sense Amp. and 
Write Drivers 


Ag As Ag A; Ag Ag 


Pin Configuration 


1 

2 

3 

4 £ 

5 &§ 

6 «& 
~ 

7 

8 

9 


83-003691A 


Pin Identification 


Pin 
No. Symbol Function 
1 Dour Data Output 
an Ao-Aiy Addresses 
9 Vee Power Supply 
15 WE Write Enable 
16 cs Chip Enable 
17 Din Data Input 
18 Voc Power Supply 


Absolute Maximum Ratings* 


+0.5V to —7.0V 
+0.5V to Veg 
+0.imA to —30mA 
— 65°C to + 150°C 
— 55°C to + 125°C 


Supply Voltage, Vee to Vcc 

Input Voltage, Vin 

Output Current, lout 

Storage Temperature, Tstcq 
Under Bias, Tsrc (Bias) 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance 
Limits 
10470-10 10470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Input Capacitance Cy, 4 4 pF 
Output Gar 5 5 pF 


Capacitance 
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DC Characteristics © 
Ta=O0°Cto + 75°C; Vege = — 5.2V; Output Load = 501. to - 2V 


Limits 
Parameter Symbol T,(°C) Min Typ Max Unit Test Conditions 
0 -1000 — 840 
You +25 «9602-810 
+75 - 900 -720 
Voltage 0 -1870 ~ye65 Y Vin= Vina OF Vie 
Vou +25 -1850 ~ 1650 
+75 -1830 — 1625 
0 -1020 _ OO 
Vonc +25 -980 
Output +75 -920  eeeeiaare 
tesa 0 = 1645 m IN = Vin OF Vita 
Vere +25 — 1630 
+75 = 1605 
| —_ 0 -1145 840 
vs ras =1105 010 Guarantand input, 
Input #75 = 1045 -720 inputs. a 
Voltage 0 -1870 — 1490 Guaranteed input 
Viv +25 -1850 = 1475 reste low for all 
+75 -1830 — 1450 
| " Oto +75 220 = Vn 
dele ‘. Oto +75 05 170 uA CS 
—_—Oto + 75 - 50 Others 
Curent lee ees Ase isin ten a arecetts 


Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 


AC Characteristics © 
Ta = O°Cto + 75°C; Veg = —5.2V+5% 


Read Mode 
Limits 
10470-10 10470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Chip Select 
Access Time tacs 6 = 6 ne 
Chip Select 
Recovery Time tres 6 8 ia 
— Access t 10 15 ne 
Write Mode 
Limits 
10470-10 10470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Write Pulse Width ty 10 15 ns 
Data Set-up Time twsp 2 2 ns 
Data Hold Time twHp 2 2 ns 
Address Set-u 
Time P twsa 3 3 ns 
Address Hold 
Time twa 2 2 ns 
Chip Select 
Set-up Time ‘wses a 2 ne 
Chip Select 
Hold Time 'waes 2 ne 
Write Disable : 
Time tws 6 8 ns 
— Recovery twa 10 10 - 


Note: © The device under test (DUT) is mounted in a test socket and is measured ata 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 


. 
re») 


AC Characteristics (Cont.) © 
Ta = O°Cto + 75°C; Vee = —-5.2V+5% 
Output Rise and Fall Times 


Limits 
10470-10 10470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Rise Time tr 2 2 ns 
Fall Time te 2 2 ns 


Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 


maintained. 
Truth Table 
Input 
cs WE Din Output Mode 
H xX x L Not Selected 
L L L L Write 0 
L L H L Write 1 
L H Xx Dour Read 


Note: X=Don' care. 


Figure 1. Loading Conditions Test Circuit 


Note: t, = te = 2.5ns (typ). 


N. KE Cc .PB10470 


Timing Waveforms 


Read Mode Write Mode 


aie cs 
Address 
Doux tacs 


Address 


Dour 
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NEC 


NEC Electronics Inc. 


Description 


The NEC uwPB10474 is a very high speed ECL 10k 
interface random access memory (RAM). It is organ- 
ized as 1,024 words by 4 bits with non-inverted open 
emitter outputs and low power consumption. Three 
access time versions are available: 8 ns max. 
(uPB10474-8), 10 ns max. (uPB10474-10), and 15 ns 
max. (uPB10474-15). The 4PB10474 is available in a 
hermetic, 400 mil, 24-pin DIP. 


Features 


CL) 1,024 word x 4-bit organization 

CL) ECL 10k interface 

L) Non-inverted open emitter outputs 

L) Fast access times 

L) Low power consumption 

O) Available in a 24-pin 400 mil DIP (uPB10474D) 


Performance Ranges 


Access Supply 
Device Package Time (Max) Current (Min) 
uPB10474-8 24-pin DIP 8 ns —220 mA 
uPB10474-10 24-pin DIP 10 ns —220 mA 


uPB10474-15 24-pin DIP 15 ns —220 mA 


Pin Configuration 


Pin Identification 
No. Symbol 

1 Voca 

2, 3, 22, 23 D04-D0, 

4-9, 11, 13-15  Ag-Ag 


10 NC 

12 VEE 

16 WE 

17 cS 
18-21 DIy-Dl4 
24 Voc 


Block Diagram 


X-Decoder/ 
Driver 


Data 
Control 
Circuit 


uPB10474 
1,024 x 4-BIT 
10K ECL RAM 


Revision 1 


wv 
~ 
z 
o 
~ 
a 
a 
a 
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Function 
Power supply (output devices) 
Data outputs 
Addresses 
No connection 
Power supply 
Write enable 
Chip select 
Data inputs 


Power supply (current switches and 
bias driver) 


Memory Cell Array 
64 x 16 x 14 


Output 
Data 
Control 
Circuit 


Ag A7 Ag Ag 


83-003334A 
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Absolute Maximum Ratings 


Supply voltage, Veg to Vcc +0.5 to -7.0 V 
Input voltage, Vix +0.5 V to Veg 
Output current, lout +0.1 to —30 mA 
Storage temperature, TsTg —65 to +150°C 

Under bias, TstT¢(bias) —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


DC Characteristics 
Ta = Oto 75°C, Veg = —5.2 V, output load = 50 to —2 V 


Limits 
Parameter Symbol Min Typ 
Output voltage, high Vou —1000 
Vou —960 
VoH —900 
Output voltage, low VoL —1870 
VoL —1850 
VoL —1830 
Output threshold voltage, high Vonc —1020 
VoHC —980 
VOHC —920 
Output threshold voltage, low Voc 
VoLc 
VoLc 
Input voltage, high Vin —1145 
Vin =1105 
VIH —1045 
Input voltage, low ViL —1870 
Vit —1850 
ViL —1830 
Input current, high lH 
Input current, low lp 0.5 
le —§0 
Supply current lee —220 


Note: 


NEC 


Capacitance 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Cin 4 pF f= 1 MHz 
Output capacitance Coyt 5 pF f= 1 MHz 
Test 
Max Unit Conditions 
—840 mV Vin = Vin Max or Vi_ min, Ta = 0°C 
—810 mV Vin = Vin Max or Vip min, Ta = 25°C 
—720 mV Vin = Vin max or Vip min, Ta = 75°C 
—1665 mV Vin = Vin max or Vip min, Ta = 0°C 
—1650 mV Vin = Vin max or Vi_ min, Ta = 25°C 
—1625 mV Vin = Vin Max or Vi_ min, Ta = 75°C 
mV Vin = Vin min or Vip max, Ta = 0°C 
mV Vin = Vin min or Vip max, Ta = 25°C 
mV Vin = Vin Min or Vip max, Ta = 75°C 
—1645 mV Vin = Vin min or Vi_ max, Ta = 0°C 
—1630 mV Vin = Vin Min or Vip max, Ta = 25°C 
—1605 mV Vin = Vin min or Vi_ max, Ta = 75°C 
—840 mV For all inputs, T, =0°C 
—810 mV For all inputs, T, = 25°C 
—720 mV For all inputs, T, = 75°C 
—1490 mV For all inputs, Ta = 0°C 
14/5 mV For all inputs, T, = 25°C 
—1450 mV For all inputs, T, = 75°C 
220 uA Vin = Vin Max 
170 HA For CS; Vin = Vi_ min 
HA For all others; Vij = Vip min 
mA All inputs and outputs open 


(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 


greater than 2.0 m/s. 
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AC Characteristics 
Ta = 0 to 75°C, Vege = —5.2 V + 5%, output load = 50D to —2 V 


Limits 

uPB10474-8 uPB10474-10 pPB10474-15 
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit 
Read Mode 
Chip select access time tacs 5 6 8 ns 
Chip select recovery time trcs 5 6 8 ns 
Address access time taa 8 10 15 ns 
Write Mode 
Write pulse width tw 6 10 15 ns 
Data setup time twsp 1 2 2 ns 
Data hold time twHp 1 2 2 ns 
Address setup time twsa 1 3 3 ns 
Address hold time tWHA 1 2 2 ns 
Chip select setup time twscs 1 2 2 ns 
Chip select hold time tWHCS 1 2 2 ns 
Write disable time tws 5 6 8 ns 
Write recovery time twr 8 10 10 ns 
Output Rise and Fall Times 
Output rise time tp 2 2 2 ns 
Output fall time tr 2 2 2 ns 


Note: 


(1) The device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 
greater than 2.0 m/s. 


Figure 1. Loading Conditions Test Circuit Figure 2. Input Pulse 


Vec(GND) Vcca(GND) 


Device 
Under 
Test 


tR tr 
Note: tr = tF = 2.5 ns (typ). 


83-003336A 


83-003335A 


Truth Table 
Input 
cs WE Din Output Mode 
H X X L Not Selected 
L L L L Write 0 
i, L H L Write 1 
L H X Dout Read 
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Timing Waveforms 


Read Mode Write Mode 


Address 


Address 


NV. EC uPB100422 
. 256 x 4-BIT 
NEC Electronics Inc. 100K ECL RAM 


Revision 1 


Description Pin Configurations 


The NEC uwPB100422 is a very high speed ECL 100k 
interface RAM. It is organized as 256 words by 4 bits 
with anon-inverted open emitter output and low power 
consumption. Two fast access time versions are 
available: 7 ns max. (uwPB100422-7) and 10 ns max. 
(uPB100422-10). The wPB100422 is available in a 400 
mil 24-pin ceramic DIP or a 24-pin ceramic flatpack. 


24-Pin DIP 


N 
N 
z 
oS 
o 
~ 
ao 
a 
a 


Features 


C) 256 word x 4-bit organization 
C) ECL 100k interface 
CL) Non-inverted open emitter output 
LJ Fast access times 

83-003213A 
L] Low power consumption 
O) Available in a 24-pin 400 mil DIP or a 24-pin flatpack 


24-Pin Flatpack 
Performance Ranges 


Access Supply 
Device Package Time (Max) Current (Min) 
uPB100422D-7 24-pin DIP 7 ns —220 mA 
uPB100422B-7 24-pin flat 7ns —220 mA 
uPB100422D-10 24-pin DIP 10 ns —220 mA 
uPB100422B-10 24-pin flat 10 ns —220 mA 


uPB100422 


83-003214A 
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Pin identification 


Ceramic DIP 

No. Symbol Function 

1, 12, 13,24  Dly-Dlg Data inputs 

2,4,9,11  BSy-BS4 —_ Block select inputs 

3, 5, 8, 10 D04-DO, Data outputs 

6 Vec Power supply (current switches and bias 
driver) 

7 Voca Power supply (output devices) 

14 WE Write enable 

15-17, 19-23 Ag-A7 Addresses 

18 VEE Power supply 

Ceramic Flatpack 

No. Symbol Function 

1,2, 18-20, = Ag-A7 Addresses 

22-24 

3,4,15,16 Dly-Dlg Data inputs 

5,7, 12,14  BS4-BS, —_ Block select inputs 

6,8,11,13 D0O4-DO, Data outputs 

g Vec Power supply (current switches and bias 
driver) 

10 Vcca Power supply (output devices) 

17 WE Write enable 

21 VEE Power supply 
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Block Diagram 


Y-Decoder/Driver 


[evceteroiver 
a Ne 


Memory Cell Array 
256 Words x 4 Bits 


3 
a 
3 
3 
é 
x< 


Block 2 Block 3 Block 4 


: oO 0 o 0 0 
BS} Dly DO, BSz Diz DO2 BS3 Di3DO3 BS4 Di4 DO 
83-003215A 


Absolute Maximum Ratings 


Supply voltage, Veg to Vcc +0.5 to -7.0 V 
Input voltage, Vin +0.5 V to Veg 
Output current, Ioyt +0.1 to —30 mA 
Storage temperature, TsTg —65 to +150°C 

Under bias, TsTG(pias) —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Limits 
uPB100422-7 .PB100422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit 


Input capacitance Cy 4 a pF 
Output capacitance Coy 5 5 pF 


NEC 


DC Characteristics 
Ta = 0 to 85°C, Vege = —4.5 V, output load = 50N to -2 V 


Limits Test 


Output voltage, high Vou 


vUPB100422 
Parameter Symbol Min Typ Max Unit Conditions 
—1025 —880 mV Vin = Vin max or Vip min 

Output voltage, low VoL —1810 —1620 mV Vin = Vin max or Vip min 
Output threshold voltage, high VoHC —1035 mV Vin = Vin min or Vip max 
Output threshold voltage, low Vote —1610 mV Vin = Vin min or Vip max 
Input voltage, high Vin —1165 —880 mV For all inputs 
Input voltage, low VIL —1810 —1475 mV For all inputs 
Input current, high ly 220 uA Vin = Vin max 
Input current, low lit 0.5 170 uA BS4-BS4, Vin = Vi_. min 

ie —50 HA All others, Vin = Vi min 
Supply current ler —220 mA All inputs and outputs open 


Note: 


(1) Device under test is mounted in a test socket and measured at a thermal equilibrium established with a transverse air flow maintained at 


greater than 2.0 m/s. 


AC Characteristics 
Ta = 0 to 85°C, Veg = —4.5V+5% 


Limits 

yPB100422-7 »PB100422-10 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Read Mode 
Block select taps 9 5 ns 
access time 
Block select taps ) ) ns 
recovery time 
Address access tpa 7 10 ns 
time 
Write Mode 
Write pulse tw 5 6 ns 
width 
Data setup twsp 1 2 ns 
time 
Data hold tWHD 1 2 ns 
time 
Address setup twsa 1 2 ns 
time 
Address hold tWHA 1 2 ns 
time 
Block select twsBs 1 Z ns 
setup time 
Block select tWHBS 1 2 ns 
hold time 
Write disable  tws 5 J ns 
time 
Write recovery twr 6 9 ns 
time 


Limits 
vPB100422-7 »PB100422-10 
Min Typ Max Min Typ Max Unit 


Parameter Symbol 


Output Rise and Fall Times 


Output rise time tp e 2 ns 
Output fall time tr 2 2 ns 
Note: 


(1) Device under test is mounted ina test socket and measured at a 
thermal equilibrium established with a transverse air flow maintained 
at greater than 2.0 m/s. 


(2) All timing measurements are referenced to 50% input levels. 
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uPB100422 


Figure 1. Loading Conditions Test Circuit 


Vec(GND) Vcca(GND) 
S 


Device 
Under 
Test 


83-003216A 


Figure 2. Input Pulse 


Note: tn = tr = 2.5 ns (typ). 


83-003217A 
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NEC 


Timing Waveforms 


Read Mode 


Address 


83-003218A 


Write Mode 


Address 


83-003219A 


NE C uPB100470 
| 4.096 x 1-BIT 
NEC Electronics Inc. 100K ECL RAM 


Revision 1 


Description Pin Configuration 


The NEC pPB100470 is a very high-speed ECL 100 K inter- 
face Random-access Memory with full voltage and 
temperature compensation. The device is organized as 
4K words by 1 bit, with an open emitter output (nonin- 
verted), and low power consumption. Two fast access 
time versions are available: 10ns max (uPB100470-10) 
and 15ns max (uPB1004 70-15). 


The »PB100470 is available in a hermetic, 300mil, 18- 


lead DIP 83-003692A 
Features Pin identification 
‘ . . Pin 
LU 4K-word x 1-bit organization i eye peaniaen 
L) ECL 100K interface with full voltage and ; Dour Data Output 
temperature com pensation 2-8 ney prem 
1) Open emitter output (noninverted) 
‘ 9 Vee Power Supply 
() Fast access times . WE cn Ecgiae 
L] Low power consumption 16 cs Chip Select 
1) Available in 18-lead, 300 mil, DIP and LCC 17 Dai Data Input 
C1 4 performance ranges: Li Vec Power Supply 
‘ . “ 
here oe Bower Absolute Maximum Ratings 
Device Package Time Consumption Supply Voltage, Veg to Vec +0.5V to —7.0V 
»PB100470-15 DIP i5ns max 1W max Output Current, lout +0.1mA to —-30mA 
Storage Temperature, Tstc — 65°C to + 150°C 
Block Diagram Under Bias, Ts, (Bias) — 55°C to +125°C 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 


Memory Cell Array 
64 x 64 


Word Driver 


te 
3 
” 
” 
2 
3 
3 
> 
DY 


extended periods may affect device reliability. 
| 
Y-Address Decoder : Capacitance 
Limits 
100470-10 100470-15 Test 
Batata he Me Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Input Capacitance Cy, 4 4 pF 
Output 5 5 pF 


Capacitance Cour 
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DC Characteristics © 


Ta=—O0°C to + 85°C; Vee= —4.5V; 
Output Load= 500 to -2V 


Limits 
Parameter Symbol  T,(°C) Min Typ Max Unit Test Conditions 
Output Von Oto +85 -— 1025 — 880 
mV Vin=Vina OF V 
Voltage Vo. 0to+85  -1810 - 1620 ee 
Output V Oto+85  -1035 
Threshold a mV Vin = Vins or Vita 
Voltage Voie Oto +85 — 1610 
Guaranteed input 

Vin Oto +85 - 1165 — 880 voltage high for all 
Input wi inputs. 
Voltage Guaranteed input 

Vit Oto +85 — 1810 -— 1475 voltage low for all 

inputs. 

hie Oto +85 220 Vin = Vina 

Input Si —— 
0.5 170 pA CS 

Current | Oto +85 —————________ —— Vy=V 

= -50 Others ellie 
Supply a All inputs and 
Current lee Oto +55 aa0 mA outputs are open. 


Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 


AC Characteristics © 
Ta = O°C to +85°C; Vee = —4.5V + 5% 


Read Mode 
Limits 
100470-10 100470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Chip Select 
Access Time tacs 6 ss - 
Chip Select 
Recovery Time tacs S 6 - 
— Access tan 10 15 _ 
Write Mode 
Limits 
100470-10 100470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max: Unit Conditions 
Write Pulse Width ty 10 15 ns 
Data Set-up Time  twsp 2 2 ns 
Data Hold Time twrp 2 2 ns 
Address Set-u 
Time P twsa 3 3 ns 
Address Hoid 
Time twa 2 2 ns 
Chip Select 
Set-up Time twscs * . ne 
Chip Select 
Hold Time ‘wrcs 2 : al 
Write Disable 
Time tws 6 8 ns 
bil Recovery twe 10 10 -_ 


Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 
maintained. 


jee) 
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AC Characteristics (Cont.) © 
Ta = O°Cto + 85°C; Vee = —-4.5V + 5% 
Output Rise and Fall Times 


Limits 
100470-10 100470-15 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Rise Time tr 2 2 ns 
Fall Time te 2 2 ns 


Note: © The device under test (DUT) is mounted in a test socket and is measured at a 
thermal equilibrium established with a transverse air flow greater than 2.0m/sec 


maintained. 
Truth Table 
input 
cs WE Din Output Mode 
H X x L Not Selected 
L L L L Write 0 
L L H L Write 1 
L H Xx Dout Read 


Note: X=Don't care. 


Figure 1. Loading Conditions Test Circuit 


Note: R, = 50!2;C, = 30pF. 


Figure 2. Input Pulse Test Circuit 


Note: t, =t, = 2.5ns (typ). 


N: KE Cc »PB100470 


Timing Waveforms 


cs tacs 
Dour tacs 


Read Mode 


Address 


Dour 


»PB100470 
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NV EC uPB100474 
| 1,024 x 4-BIT 
NEC Electronics Inc. 100K ECL RAM 


Revision 1 


Description Pin Configurations 


NEC’s uPB100474 is a very high-speed ECL 100K 
interface random access memory. The uwPB100474 is 
organized as 1K words by 4 bits with open emitter 
Outputs (non-inverted). It is available in a her- 
metic DIP (u~PB100474D), leadless chip carrier 
(LCC) (uPB100474K), or ceramic flatpack package 
(uPB100474B) version. 


24-Pin Ceramic DIP 


uPB100474 


Features 


1 
2 
3 
4 
5 
6 
7 
8 
9 


L) 1K-word bx 4-bit organization 

L) ECL 100K interface 

CL) Full voltage and temperature compensation 
L) Open emitter outputs (non-inverted) 

CL) Fast access times 

L) Available in DIP, LCC, and flatpack versions 


83-003561A 


Performance Ranges 


Access Supply 
Device Packages Time (Max) Current (Min) 
uPB100474-4.5 K 4.5ns —450 mA 
uPB100474-6 B/K 6 ns —450 mA 
uPB100474-8 B/D 8ns —220 mA yPBnoa74 
uPB100474-10 B/D 10 ns —220 mA 


uPB100474-15 B/D 15 ns —220 mA 


1o 
ou 


Block Diagram 


DO; DO2 Vcc Vcca DO3 


83-003562A 


Memory Cell Array 
64x16x4 


Output 
Data 


Circuit Circuit 
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Pin Configurations (cont) 


24-Pin Ceramic Flatpack 


uPB100474 


83-003563A 


Pin Identification 


Ceramic DIP 

No. Symbol Function 

1-3, 24 DI4-Dl4 Data inputs 

4,5, 8,9 DO,-DO, Data outputs 

6 Voc Power supply (current switches and 
bias driver) 

7 VocA Power supply (output devices) 

10-15, 17, Ag-Ag Addresses 

19-21 

16 NC No connection 

18 Ver Power supply 

22 WE Write enable 

23 cs Chip select 
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Pin Identification (cont) 


Ceramic LCC 

No. Symbol Function 

1 Vcc Power supply (current switches 
and bias driver) 

2 Voca Power supply (output devices) 

3, 4, 23, 24 D04-D04 Data outputs 

5-10, 12, 14-16 Aop-Ag Addresses 

11 NC No connection 

13 Ver Power supply 

17 WE Write enable 

18 cs Chip select 

19-22 Di4-Dl4 Data inputs 

Ceramic Flatpack 

No. Symbol Function 

1 WE Write enable 

2 Cs Chip select 

3-6 DI4-Dl4 Data inputs 

7,8, V1, 12 D04-D04 Data outputs 

9 Voc Power supply (current switches 
and bias driver) 

10 Voca Power supply (output devices) 

13-18, 20, 22-24 Aop-Ag Addresses 

19 NC No connection 

21 VEE Power supply 


Absolute Maximum Ratings 


Supply voltage, Veg to Voc +0.5 to —7.0 V 
Input voltage, Vin +0.5 V to Veg 
Output current, Igyt +0.1 to -30 mA 
Storage temperature, Tstg —65 to +150°C 

Under bias, Tstg (Bias) —55 to +125°C 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


¥ 


EC 


DC Characteristics 
Ta = 0 to +85°C; Veg = —4.5 V; Output load = 50 N to —2 V 


Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Output voltage Von —1025 —880 mV Vin = Vin max 
high or Vi, min 
Output voltage Vo. —1810 —1620 mV Vin = Vin max 
low or Vi_ min 
Output threshold Voyo —1035 mV Vin = Vin min 
voltage high or Vip max 
Output threshold Voic —1610 mV Vin = Vip min or 
voltage low Vit max 
Input voltage Viq —1165 —880 mV Guaranteed 
high input voltage 
high for all 
inputs 
Input voltage Vit  —1810 —1475 mV Guaranteed 
low input voltage 
low for all 
inputs 
Input current lH 220 =wA Vin = Vin max 
high 
Input currentlow |i, 0.5 170 yA CS, 
Vin = Vit min 
—50 uA Others, 
Vin = Vit min 
Supply current lee  —450 —360 mA tan = 4.5/6 ns, 
all inputs and 
outputs open 
(Note 2) 
—220 —160 mA tan =8/10/15ns, 
all inputs and 
Outputs open 
(Note 2) 
Note: 


(1) The device under test (DUT) is mounted in a test socket and is 
measured at a thermal equilibrium established with a transverse 
air flow maintained at greater than 2.0 m/sec. 


(2) For the uPB100474-4.5/6, take measures to reduce the thermal 
resistance and to keep the junction temperature less than 90°C. 
Forced air and appropriate fins on the substrate on which the 
package is mounted, or on the package itself, are recommended. 
The thermal resistance of the junction to the case (bottom side) of 
an LCC or flatpack package is less than 10°C/W. 


Truth Table 
Input 
6s WE DIN Output Mode 
H X X L Not selected 
L L 4 L Write 0 
L L H i, Write 1 
L H X Dout Read 
Note: 


X = Don't care. 


uPB100474 
Capacitance 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Cin 4 pF 
Capacitance 
Output Cout 5 pF 


Capacitance 


Figure 1. Loading Conditions Test Circuit 


Vec [GND] 


Voca [GND] 
C) 


Device 
Under Test 


4 


Note: 
R,_ = 509; 
For —8/10/15, C_ = 30 pF; for — 4.5/6, C_ = 5 pF. 
83-003565A 


Figure 2. Input Pulse 


Note: 
{1] ta = te = 2.0 ns 


83-003566A 
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AC Characteristics 
Ta = 0 to +85°C; Vege = —4.5 V +5%; Output load = 50ND to —-2 V 


Limits 
yPB100474-4.5 «PB100474-6 vPB100474-8 .«PB100474-10 «PB100474-15 

Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit 
Read Mode 

Chip select access time tacs 4 4 ° 6 8 ns 
Chip select recovery time trcs 4 4 5 6 8 ns 
Address access time taa 45 6 8 10 15 ns 
Write Mode 

Write pulse width tw 45 6 6 10 15 ns 
Data setup time twsp 1 1 1 2 2 ns 
Data hold time twHp 1 1 1 2 2 ns 
Address setup time twsa 1 1 1 3 3 ns 
Address hold time tWHA 2 2 1 2 2 ns 
Chip select setup time twscs 1 1 1 2 2 ns 
Chip select hold time tWHCS 1 1 1 2 2 ns 
Write disable time tws 4 : 5 6 8 ns 
Write recovery time twr 45 6 8 10 10 ns 
Rise and Fall Times 

Output rise time tp 2 2 2 2 2 ns 
Output fall time tr 2 2 2 2 2 ns 


Note: 


(1) The device under test (DUT) is mounted in a test socket and is measured at a thermal equilibrium established with a transverse air flow 
maintained at greater than 2.0 m/sec. 


(2) For the 4PB100474-4.5/6, take measures to reduce the thermal resistance and to keep the junction temperature less than 90°C. Forced 
air and appropriate fins on the substrate on which the package is mounted, or on the package itself, are recommended. The thermal 
resistance of the junction to the case (bottom side) of an LCC or flatpack package is less than 10°C/W. 


(3) See figures 1 and 2 for loading conditions and input pulse timing. For the 4PB100474-4.5/6, C, = 5 pF. For the wPB100474-8/10/15, 
C. = 30 pF. : 
Timing Waveforms 


Read Mode Write Mode 


Address 


Address 


83-003567A 


83-003568A 
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UV and OTP EPROMs 9 


9-A 


UV and OTP EPROMs N. E C 


Section 9 — UV and OTP EPROMs Page 
uPD2764 8,192 x 8-Bit NMOS UV/OTP EPROM ...........ccceceecececeeceseeeuce 9-1 
uPD27128 16.384 x 6-Bit NMOS UV/OTP EPROM  scccscccccavesesarscessxaxeeeas 9-5 
uPD27256 32,768 x 8-Bit NUOS UV EPROM .......... ccc cece cece cece ence eeees 9-9 
uPD27C64 8,192 x 8-Bit CMOS UV/OTP EPROM ........... ccc cece cece ce eee ees 9-13 
uPD27C256 32,768 x 8-Bit CMOS UV/OTP EPROM ...... ccc ccc ccc ccc cece ce ceens 9-19 
uPD27C256A 32,766 x 8-Bit CMOS UV/OTP EPROM  éccccccsicescncsscuassecesssees 9-23 
uPD27C512 65,536 x 6-BITCMOS UV EPROM $3 ..ccscccvececsdeseesraseaeneeseeunans 9-29 
uPD27C1024 65,536 x 16-Bit CMOS UV EPROM .... ccc ccccscccscssvcccusncsescses 9-35 
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NEC Electronics Inc. 


uPD2764 
8,192 x 8-BIT 
NMOS UV/OTP EPROM 


Revision 1 


Description 

The wPD2764 is a 65,536-bit (8,192 x 8-bit) electrically pro- 
grammable read-only memory (EPROM). It operates from a 
single +5V supply making it ideal for microprocessor appli- 
cations. It features an output enable control and offers a 
standby mode with reduction in power consumption. 

A distinctive feature of the PD2764 is a separate output 
enable control (OE) in addition to the chip enable control 
(CE). The OE control eliminates bus contention in multiple- 
bus microprocessor systems. The ~»PD2764 features con- 
ventional, simple one-pulse programming controlled by TTL- 
level signals as well as a high-speed programming mode. 
Total programming time for all 65,536 bits is 420 seconds 
for conventional mode, and typically 60 to 120 seconds for 
the high-speed mode. 

The »PD2764 is available in a cerdip package with a quartz 
window as an ultraviolet (UV), erasable EPROM, or in a 
plastic package as a one-time-programmable (OTP), non- 
erasable EPROM. 


Features 
__] Ultraviolet erasable and electrically programmable 
_] Access time—200ns max 
[_] Low power dissipation: 80mA max (active) 
25mA max (standby) 

| High-speed programming mode 

(typical program time 60s to 120s) 
_] Programmable with single pulse 

(total program time 420s) 
_] Industry standard pinout (JEDEC approved) 
_] 4 performance ranges 


Max Vcc Supply Current 
Device Max Access Time eer en eae tment inant 
Active Standby 
pPD2764-2 200ns 80mA 25mA 
pPD2764 0 250ns 80mA 25mA 
pPD2764-3 © 300ns 80mA 25mA 
uPD2764-4 © 450ns 80mA 25mA 


Note: © Available as either UV or OTP. 


Block Diagram 


Data Outputs Inputs 
i) xf 


PO 


Output Enable 
PGM——____+! Chip Enable and 
cE Program Logic Input/Output Buffers 
OE 


Ao-Ai2 


Y- ; 
Address 


Inputs X- 65,536-bit 
Decoder Cell Matrix 


Pin Configuration 


Pin identification 

Ao-Ai2 Addresses 
OE Output Enable 
Oo-O7 Data Outputs 
CE Chip Enable 
PGM Program 
NC No Connect 


Mode Selection 


Pins CE OE PGM Vpp Vec Outputs 
Mode (20) (22) (27) (1) (28) (11-13, 15—19) 
Read Vit Vit Vin Vcc Vcc Dout 
Standby Vin x x Vcc Vcc High Z 
Program sOtsi(i‘é SCC UCN 
Program Verity Vit Vit Vin Vpp Vcc Dout 
Program Inhibit Vin x x Vpp Vcc High Z 


Note: X can be either Vit or Vin. 


Absolute Maximum Ratings* 


Operating Temperature -—10°C to +80°C 
Storage Temperature —65°C to +125°C 
Output Voltage —0.6V to +6.5V 
Input Voltage —0.6V to +6.5V 
Supply Voltage Vcc —0.6V to +6.5V 
Supply Voltage Vpp —0.6V to +22V 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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DC Characteristics 


Read Mode and Standby Mode 
Ta = O°C to + 70°C; Vcc = +5V + 5%; Veep = Vec 


Parameter Symbol 
Output High Voltage Von 
Output Low Voltage Vor 
Input High Voltage Vin 
Input Low Voltage Vir 
Output Leakage Current lLo 
Input Leakage Current lu 
Vec Standby Iec1 


Current Active 


Vpp 
Current 


Icc2 


Ipp1 


Min 
2.4 


-0.1 


Limits 


Typ Max 


15 


Unit 
Vv 


mA 


Note: Vpp may be connected directly to Vcc except during programming. 


Test Conditions 
lon = —400nA 
lo. = 2.1mA 


Vout = 5.25V 
Vin = 5.25V 
CE = Vin 
OE = CE = Vu 


Vpp = 5.25V 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C + 5°C; Vec* = +5V + 5%; Vee = + 21V + O.5V 


Parameter Symbol 
Input High Voltage Vin 
Input Low Voltage Vin 
Input Leakage Current lu 
Output High Voltage Vou 
Output Low Voltage Vor 
Vcc Current Icc2 
Vee Current Ipp 


2.0 
-0.1 


2.4 


"Vcc = 6V + 5% for high-speed programming. 


AC Characteristics 


Read Mode and Standby Mode 
Ta = O°C to + 70°C; Vec = +5V + 5% 
Limits 


2764-2 


Limits 


Unit 


27640 2764-30 2764-40 


Parameter Symbol Min Max Min Max Min Max Min Max 


Address to 
Output 
Delay 

CE to Output 
Delay 
OE/Vpp to 
Data Output 
Delay 
OE/Vpp to 


Note: © Available as either UV or OTP. 


tacc 200 
tce 200 
toe 70 
tor 0 60 


Test Conditions— 
Output Load: 1TTL gate and C, = 100pF 
Input Rise and Fall Times: 20ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Levels: 
Inputs: 1.0V and 2.0V 
Outputs: 0.8V and 2.0V 
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250 


250 


300 


450 


450 


120 


Test Conditions 


Vin = Vit or Vin 
lon = —400pA 
lo. = 2.1mA 


CE = PGM = Vir 


ns CE =OE=Vi 


NEC 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C + 5°C; Vec* = +5V + 5%; Vep = +21V + O.5V 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Address Setup Time tas 2 ps 
OE Setup Time toes 2 ps 
Data Setup Time 2 Input Pulse Levels 
: Li a = 0.8V to 2.2V 
Address Hold Time tan 0 us Input Timing 
CE Setup Time tces 2 ps Reference Level = 
Ti 2 1.0V and 2.0V 
oe ton HS Output Timing 
Chip Enable to Output Reference Level = 
Float Delay tor : 130 9S 08V and 2V 
Data Valid from OE toe 150 ons Input Rise and Fall 
Times: 20ns 
Program Pulse Width* tew 45 50 55 ms 
Vpp Setup Time tvs 2 pus 
“Voc = 6V + 5% and tpw = 1 ms + 5% for high-speed programming. 
Capacitance 
Ta = 25°C; f = 1MHz 
Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Cin 4 8 pF Vin = OV 
Output Capacitance Court 8 14 pF Vout = OV 
Function 


The ~PD2764 operates from a single +5V power supply 
making it ideal for microprocessor applications. 


The 1 PD2764 features a standby mode which reduces the 
power dissipation. 


Operation 

The five operation modes of the ~.PD2764 are listed in Ta- 
ble 1. In the read mode the only power supply required is a 
+5V supply. During programming all inputs are TTL levels 
except for Vpp which rises from Vcc level to 21V. 


Read Mode 

When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after toe from the falling edge 
of OE and tacc after setting the address. 


Standby Mode 

The £PD2764 is placed in a standby mode with the applica- 
tion of a high (1) level TTL signal to the CE input. In this 
mode the outputs are in a high impedance state, indepen- 
dent of the OE input. The active power dissipation is also re- 
duced. 


Programming Modes 

The 4PD2764 can be programmed in two ways: (1) conven- 
tional programming mode, and (2) high-speed programming 
mode. In the conventional mode, basically a 50ms PGM 
pulse is applied to each bit location. The high-speed pro- 
gramming mode is similar to the Intelligent Programming AI- 
gorithm™, in which up to fifteen 1ms PGM pulses are ap- 
plied to each bit location, followed by an additional 4ms 
PGM pulse for each number of 1ms pulse applied before. 
The high-speed programming mode reduces the program- 
ming time to 60s to 120s typical. 


T 
a Intelligent Programming Algorithm is a registered trademark of Intel Corporation. 
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Conventional Programming Mode 

Programming begins with erasing all data and consequently 
having all bits in the high (1) level state. Data is then entered 
by programming a low (0) level TTL signal into the chosen 
bit location. 

The .PD2764 is placed in the programming mode by apply- 
ing a low (0) level TTL signal to the CE and PGM inputs with 
Vpp at +21V. The data to be programmed is applied to the 
output pins in 8-bit parallel form at TTL levels. 

Any location can be programmed at any time, either individ- 
ually, sequentially, or at random. 


When multiple 4£PD2764s are connected in parallel except 
for CE, individual ~PD2764s can be programmed by apply- 
ing a low (0) level TTL pulse to the PGM input of the desired 
.PD2764 to be programmed. 

Programming of multiple ~.PD2764s in parallel with the 
same data is easily accomplished. All the like inputs are tied 
together and programmed by applying a low (0) level TTL 
pulse to the PGM inputs. 

High-speed Programming Mode 

In this mode, programming begins by addressing the first lo- 
cation, and applying valid data to the eight output pins (a 
low level TTL signal, 0, into the chosen bit location). 

Voc is then raised to 6V + 0.25V followed by Vpp raised to 
21V + 0.5V. APGM pulse of 1ms + 5% is then applied in 
the same manner as described in the program mode timing 
diagram. The bit is then verified and a program/no program 
decision is made. If the bit is not programmed, another 1ms 
PGM pulse is applied, to a maximum of fifteen times. If the 
bit gets programmed within fifteen efforts, another pulse of 
4ms for each effort is applied and the next address is ap- 
plied. If the bit does not get programmed in fifteen 1ms ef- 
forts, another PGM pulse of 60ms is applied and the bit veri- 
fied. If the bit is not programmed at this stage, the device 
would be rejected as a program failure. If the bit is pro- 
grammed, the next address is applied until all addresses are 
complete. 


At this stage, Vcc and Vpp pins are lowered to 5V + 5% and 
all bytes are then verified again for programming. 


Program Verify Mode 

A verify should be performed on the programmed bits to de- 
termine that the data was correctly programmed. The pro- 
gram verify can be performed with CE and OE at low (0) 
levels and PGM at a high (1) level. 


Programming Inhibit Mode 

Programming multiple 4PD2764s in parallel with different _ 
data is easier with the program inhibit mode. Except for CE 
(or PGM) all like inputs (including OE) of the parallel 
uPD2764s may be common. Programming is accomplished 
by applying a low (0) TTL-level program pulse to the CE and 
PGM inputs with Vep at +21V. A high (1) level applied to 
the CE (or PGM) of the other 4PD2764 will inhibit it from 
being programmed. 
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Output Disable 


The data outputs of two or more 4PD2764s may be wire- 
ORed together to the same data bus. In order to prevent 
bus contention problems between devices, all but the se- 
lected PD2764s should be disabled by raising the CE 
input to a TTL high. OE input should be made common to 
all devices and connected to the read line from the system 
control bus. These connections offer the lowest average 
power consumption. 


Erasure Mode 

Erasure of the PD2764 programmed data can be attained 
when exposed to light with wavelengths shorter than ap- 
proximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluores- 
cent lighting could erase the ».PD2764. Consequently, if the 
4PD2764 is to be exposed to these types of lighting condi- 
tions for long periods of time, its window should be masked 
to prevent unintentional erasure. Opaque labels are supplied 
with every device. 

The recommended erasure procedure for the ~PD2764 

is exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15W-sec/cm*. The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000,.W/cm* power 
rating. 

During erasure, the 4PD2764 should be placed within 1 
inch of the lamp tubes. If the lamps have filters on the tubes, 
the filters should be removed before erasure. 


Timing Waveforms 


Read Mode 


Addresses Valid 


10) a 
Oo-7 2" Vaid Output 
High Impedance = 


Notes: “OE may be delayed up to tacc ~ toe after the falling edge of CE 
for read mode without impact on tacc. 


High Impedance 


@ tor is specified from OE or CE, whichever occurs first. 


Program Mode 
| _ Program 


AddressN | 


tan 


Vi 
Addresses 


Data 
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NEC uPD27128 
. 16,384 x 8-BIT 
NEC Electronics Inc. NMOS UV/OTP EPROM 


Revision 1 


Description Pin Configuration 
The ~PD27128 is a 131,072-bit (16,384 x 8) electrically 
programmable read-only memory (EPROM). It operates 
from a single +5V supply making it ideal for microprocessor 
applications. It features an output enable control and offers 
a standby mode with reduction in power consumption. 

A distinctive feature of the 4PD27128 is a separate output 
enable control (OE) in addition to the chip enable control 
(CE). The OE control eliminates bus contention in multiple- 
bus microprocessor systems. The »PD27128 features con- 
ventional, simple one-pulse programming controlled by TTL- 
level signals as well as a high-speed programming mode. 
Total programming time for all 131,072 bits is 820 seconds 
for the conventional mode, and typically 120 seconds for the 
high-speed mode. 

The wPD27128 is available in a cerdip package as an ultra- 
violet (UV), erasable EPROM, or in a plastic package as a 
one-time-programmable (OTP), non-erasable EPROM. 


Ao-Ai3 Addresses 


Features OE Output Enable 
__} Ultraviolet erasable and electrically programmable Oo-07 Data Outputs 
__] Access time—200ns max CE Chip Enable 
|_| Low power dissipation: 100mA max active current PGM Program 
25mA max standby current 
_] High-speed programming mode Mode Selection 
(typical program time 120s) Pins CE OF PGM Ver Voc Outputs 
_] Programmable with single pulse hc! Nk OI A I re BL 
(total program time 820s) — a a LT pace 
CJ Industry standard pinout (JEDEC approved) —— Le a re Awe lh 
C] 4 performance ranges eee a a mt 
Program Verify Vit Vit Vin Vpp Vcc Dour 
oe eee daheca Wiad Max Vcc Supply Current Program Inhibit Vin X X Vpp “Veeco High Z 
Active Standby High Speed Programming Vi Vin Vir Vpp Vec Din 
.PD27128-2 200ns 100mA 25mA Note: X can be either Vi. or Vin. 
PD271280® 250ns 100mA 25mA 
a 300ns 100mA 25mA Absolute Maximum Ratings* 
wPO27126-40 450ns eee... ac Operating Temperature —10°C to +80°C 
Note: © Available as either UV or OTP. fe ee ge ee ee 
Storage Temperature —65°C to +125°C 
. Output Voltage —0.6V to 7.0V 
Block Diagram Input Voltage —0.6V to 7.0V 
Gain Dutputstnpute Supply Voltage Vcc —0.6V to 7.0V 
Oo-O; Supply Voltage Vp —0.6V to +22V 


eee 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
| vcatng | in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Y-Gating 


Address 
Inputs : xX 131,072-bit 


Cell Matrix Capacitance 
Ta = 25°C; f = 1MHz 
Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
InputCapacitance = Cw +=4 ~~ #8 pF Vw=OV 
Output Capacitance Court 8 14 pF Vout = OV 
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DC Characteristics 
Read Mode and Standby Mode 
Ta = 0°C to + 70°C; Vec = +5V + 5%; Vep = Vec 


Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 
Output High Voltage Vou 2.4 Vv lon = —400nA 
Output Low Voltage Voi 0.45 V lo. = 2.1mA 
Input High Voltage Vin 2.0 Vcc + 1 V 
Input Low Voltage Vit -0.1 0.8 V 
Output Leakage Current ILo 10 pA Vout = 5.25V 
Input Leakage Current lu 10 pA Vin = 5.25V 
Veo Standby Ices 25 mA CE = Vin 
Current Active loca 60 100 mA OE = CE = Vu 
bs pps 15 mA Vpp = 5.25V 


Current 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C + 5°C3 Vec © = +5V + 5%; Vep = + 21V + 0.5V 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 

Input High Voltage Vin 2.0 Vec + 1 Vv 
Input Low Voltage Vic -0.1 0.8 Vv 
Input Leakage Current tu 10 pA Vin = Vit or Vin 
Output High Voltage Vou 2.4 V lon = —400pA 
Output Low Voltage Voi 0.45 Vv lo. = 2.1mA 

Program wine 
Vec Ioc1 25mA CE = Vin 
Curent Inhibit 

as hi loca 100mA 

Program Ipp2 30mA CE = PGM = Vit 

Program CE = Vu 
Vpp Ipp3 15mA PGNM — 
Current Verity PGM = Vin 

Program CE - 

Inhibit lppa 15mA E = Va 
Note: © Vcc = 6V + 0.25V for high-speed programming. 
AC Characteristics 
Read Mode and Standby Mode 
Ta = O°C to +70°C; Vec = +5V + 5%; Vep = Vec 

Limits 
27128-2 271286 27128-30 27128-40 
——r Test 


Parameter Symbol Min Max Min Max Min Max Min Max Unit Conditions 


Address to 


Output tacc 200 250 300 450 ns = = OE = 
Delay IL 

CE to Output antes 

Seley ‘ tce 200 250 300 450 ns OE=Vit 
Output En- a 

able to Out- toe 75 100 120 150 ns CE=Vii 
put Delay 

Output En- 

able High to xe 
Output De- tor 0 60 0 85 0 105 0 130 ns CE=Vi 
lay 

Address to ook Se — 
Output Hold ton 0 0 0 0 - om = OE = 
Time iL 


Note: © Available as either UV or OTP. 


Test Conditions— 
Output Load: See Fig. 1. 
input Rise and Fall Times: 20ns 
Input Pulse Levels: 0.45V to 2.4V 
Timing Measurement Reference Levels: 
Inputs: 0.8V and 2.0V 
Outputs: 0.8V and 2.0V 
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AC Characteristics (Cont.) 

Program, Program Verify, and Program Inhibit Modes 

Ta = 25°C + 5°C; Vec = +5V + 5%; Vep = +21V + 0.5V 
Limits 


Parameter Symbol Min Typ Max Unit Test Conditions 
Address Setup Time tas 2 BS Input Pulse Levels 
OE Setup Time toes 2 ps = 0.45V to 2.4V 

. Input Timing 
Data Setup Time tos 2 ate Reference Level = 
Address Hold Time tan 0 ps 0.8V and 2.0V 
AE ; Output Timing 
Re Sony Tene {ces : = Reference Level = 
Data Hold Time tox 2 ps 0.8V and 2V 
Chip Enable to Output Input Rise and Fall 
se Delay tor 0 130 ns Times: 20ns 
Data Valid from OE toe 150 ns 
Program Pulse Width©® tew 45 50 55 ms 
Vpp Setup Time tvs 2 ps 


Note: ©Vcc = 6V + 0.25V and tew = 1 ms + 5% for high-speed programming. 


Test Conditions— 

Input Pulse Levels = 0.45V to 2.4V 

Input Timing Reference Level = 0.8V and 2.0V 
Output Timing Reference Level = 0.8V and 2V 
Input Rise and Fall Times: 20ns 


Figure 1. Loading Conditions Test Circuit 
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Function 

The ~PD27128 operates from a single +5V power supply 
making it ideal for microprocessor applications. 

The PD27128 features a standby mode which reduces the 
power dissipation. 


Operation 

The six operation modes of the ~PD27128 are listed in Ta- 
ble 1. In the read mode the only power supply required is a 
+5V supply. During programming all inputs are TTL levels 
except for Vpp which rises from Vcc level to 21V. 

Read Mode 

When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after toe from the falling edge 
of OE and tacc after setting the address. 

Standby Mode 

The £PD27128 is placed in a standby mode with the appli- 
cation of a high (1) level TTL signal to the CE input. In this 
mode the outputs are in a high impedance state, indepen- 
dent of the OE input. The active power dissipation is also re- 
duced. 


Programming Modes 

The ~PD27128 can be programmed in two ways: (1) con- 
ventional programming mode, and (2) high-speed program- 
ming mode. In the conventional mode, basically a 50ms 
PGM pulse is applied to each bit location. The high-speed 
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programming mode is similar to the Intelligent Programming 
Algorithm™, in which up to fifteen 1ms PGM pulses are ap- 
plied to each bit location, followed by an additional 4ms 
PGM pulse for each number of 1ms pulses applied before. 
The high-speed programming mode reduces the program- 
ming time to 120s typical. 

Conventional Programming Mode 

Programming begins with erasing all data and consequently 
having all bits in the high (1) level state. Data is then entered 
by programming a low (0) level TTL signal into the chosen 
bit location. 


The .PD27128 is placed in the programming mode by ap- 
plying a low (0) level TTL signal to the CE and PGM with Vpp 
at +21V. The data to be programmed is applied to the out- 
put pins in 8-bit parallel form at TTL levels. 


Any location can be programmed at any time, either individ- 
ually, sequentially, or at random. 


When multiple 4.PD27128s are connected in parallel except 
for CE, individual ~PD27128s can be programmed by ap- 
plying a low (0) level TTL pulse to the PGM input of the de- 
sired ~PD27128 to be programmed. 


Programming of multiple .PD27128s in parallel with the 
same data is easily accomplished. All the like inputs are tied 
together and programmed by applying a low (0) level TTL 
pulse to the PGM inputs. 

High-speed Programming Mode 

In this mode, programming begins by addressing the first lo- 
cation, and valid data appearing at the eight output pins (a 
low level TTL signal, 0, into the chosen bit location). 


Voc is then raised to 6V + 0.25V followed by Vpp raised to 
21V + 0.5V. APGM pulse of 1ms + 5% is then applied in 
the same manner as described in the program mode timing 
diagram. The bit is then verified and a program/no program 
decision is made. If the bit is not programmed, another 1ms 
PGM pulse is applied, to a maximum of fifteen times. If the 
bit gets programmed within fifteen efforts, another pulse of 
4ms for each effort is applied and the next address is ap- 
plied. If the bit does not get programmed in fifteen 1ms ef- 
forts, another PGM pulse of 60ms is applied and the bit veri- 
fied. If the bit is not programmed at this stage, the device 
would be rejected as a program failure. If the bit is pro- 
grammed, the next address is applied until all addresses are 
complete. 

At this stage, Vcc and Vpp pins are lowered to 5V + 5% and 
all bytes are then verified again for programming. This algo- 
rithm is compatible with that of the ~PD2764. 


Program Verify Mode 

A verify should be performed on the programmed bits to de- 
termine that the data was correctly programmed. The pro- 
gram verify can be performed with CE and OE at low (0) 
levels and PGM at a high (1) level. 


Programming Inhibit Mode 

Programming multiple ~PD27128s in parallel with different. 
data is easier with the program inhibit mode. Except for CE 
(or PGM), all like inputs (including OE) of the parallel 
.PD27128s may be common. Programming is accomplished 
by applying a low (0) TTL-level program pulse to the CE (or 
PGM) input with Vep at +21V. A high (1) level applied to 
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the CE (or PGM) of the other PD27128s will inhibit it from 
being programmed. 


Output Disable 

The data outputs of two or more 4PD27128s may be wire- 
ORed together to the same data bus. In order to prevent 
bus contention problems between devices, all but the se- 
lected 4£PD27128 should be disabled by raising the CE 
input to a TTL high. OE input should be made common to 
all devices and connected to the read line from the system 
control bus. These connections offer the lowest average 
power consumption. 


Erasure Mode 

Erasure of the ~PD27128 programmed data can be at- 
tained when exposed to light with wavelengths shorter than 
approximately 4,000 Angstroms (A). It should be noted that 
constant exposure to direct sunlight or room level fluores- 
cent lighting could erase the ~PD27128. Consequently, if 
the 4PD27128 is to be exposed to these types of lighting 
conditions for long periods of time, its window should be 
masked to prevent unintentional erasure. Opaque labels are 
supplied with every device. 

The recommended erasure procedure for the 4PD27128 

is exposure to ultraviolet light with wavelengths of 2,537 
Angstroms (A). The integrated dose (i.e., UV intensity x 
exposure time) for erasure should be not less than 
15W-sec/cm*. The erasure time is approximately 15 to 20 
minutes using an ultraviolet lamp of 12,000j,.W/cm* power 
rating. 

During erasure, the 4~PD27128 should be placed within 1 
inch of the lamp tubes. If the lamps have filters on the tubes, 
the filters should be removed before erasure. 


Timing Waveforms 


Read Mode 


Notes: © OE may be delayed up to tacc — toe after the falling edge of 
CE for read mode without impact on tacc. 
® tor is specified from OE or CE, whichever occurs first. 


Program Mode 


Vim 
Addresses 
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Description 

The »PD27256 is a 262,144-bit electrically programma- 
ble read-only memory utilizing NMOS double-polysilicon 
technology. The device is organized as 32K words by 8 bits 
and operates from a single +5V +5% power supply. All in- 
puts and outputs are TTL-compatible. The wPD27256 has 
single location programming, three-state outputs and is 
pin-compatible with the 27C256 EPROM. It is available as a 
28-pin DIP. 

The »PD27256 is available in a cerdip package with a 
quartz window as an ultraviolet (UV), erasable EPROM. 


Features 

LJ 32K by 8 organization 

L] Ultraviolet erasable and electrically programmable 

LJ] Access time — 200ns max 

L] Single location programming 

(] High-speed programming mode 

(] Low power dissipation: 100mA max (active) 
25mA max (standby) 

LJ Input/output TTL-compatible for reading and 

programming 

L] Single +5V +5% power supply 

Three-state outputs 

Pin-compatible with »«PD27C256 EPROM 

NMOS double-polysilicon technology 

28-pin DIP 

3 performance ranges: 


|e) ae) 


Power Supply 


i Access Time 
—e Active Standby 
uPD27256 250ns — 100mA_ 25mA © 
».PD27256-3 — 300ns © 100mA | 25mA 


Block Diagram 


Data Outputs 
oO” ™“7 


a wll = = 
1 
44 4 
Output Buffers 


Output Enable, 
Chip Enable, and 
Program Logic 


Ag-A 14 a 
Address — 
Inputs 


262,144-bit 
Cell Matrix 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 


Pin Identification 


»PD27256 
32,768 x 8-BIT 
NMOS UV EPROM 


Revision 2 
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Pin 
No. Symbol Description 
1 Vpp ; Program Voltage 
oe Ao-Ar4 Address Inputs 
11-13, S 
15-19 Oo ail eka siaiinind 
14 GND Ground 
20 CE Chip Enable 7 
22 OE Output Enable 7 
28 Vec - +5V +5% Power Supply 


Mode Selection 


Pins CE OE 
Mode (20) (22) 
Read Vir — Va 
Standby Vy 
Program -_ Vin Vin 
Program Verity a Vie Vie 
Program Inhibit — a Vin  * 


Note: X can be either V), or Vij. 


Vpp Vec Outputs 

(1) (28) (11-13, 15-19) 
Veo Vice Dour 
Vec Vec __High-2 

Vep “Vc Dn 
Vpp Vee Dour 
Vpp Vee High-Z — 
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Absolute Maximum Ratings* 


Operating Temperature, Topp | 
Storage Temperature, Tstg 
Output Voltage, Von | 
Input Voltage, Vix 
Supply Voltage, Vcc 
Supply Voltage, Vpp 


_— 10°C to +80°C 
= 65°C to +125°C 

—0.6V to Voc +6.5V 
__ 7 0.6V to Vcc + 6.5V 
—0.6V to +7V 
__ —0.6V to +22V 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance © 
T, = 25°C; f = 1MHz 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input Capacitance Ci 4 8 pF Vin = OV 
Output Capacitance ‘Cour _ : 8 14 pF - Vout = ov 


Note: © This parameter is sampled periodically. 


DC Characteristics 
Ta = O°Cto + 70°C; Vec = +5V + 5%; Vpp = Vec 
Read and Standby Modes 


Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 
Output High Voltage = Voy 240 Vv lon = —400LA 
Output Low Voltage = Va oo 0.45 V lo, = 2.1mMA 
Input High Voltage Vin 2.0 Vecot1 V 
InputLow Voltage = Vy -0.1 0.8 V 
Output Leakage OE = Vini 
Current _ ; Lo 10 nA Vour = Oto Vec 
Input Leakage 
ecerent 9 ly 10 pA Vy = Oto Veg 

: - - a ss GE=v 
I 25 mA m 

Vec Current wie 7 _ (standby) 
ee < e 100 mA CE = Vi, (active) 
Vpp Current _tppy ee : 15 mA Vpp = 5.25V 


Ta = 25°C + 5°C; Voc = 6V + 0.25V; Vep = +21V + 0.5V 
Program, Program Verify, and Program Inhibit Modes 


Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 
input High Voltage Vin 2.0 Vect+1 V 
Input Low Voltage =» Vy,_ -0.1 08) OV a 
Input Leakage Current |, . 10 pA Vw=VyorVy 
Output High Voltage Vo, 24 ~~ Vio Voy = — 40024 
Output Low Voltage Vo, : 0.45 V lo = 2.1mA 
Voc Current _ _ loca 100 mA - 
Vpp Current Ippo 30 mA a 7 — 
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AC Characteristics 
Ta = 0°C to + 70°C; Vec = +5V + 5%; Vpp = Vec 


Read and Standby Modes 
Limits 

27256 27256-3 Test 
Parameter Symbol Min Max Min Max Unit Conditions © 
Address to — OE — 
Output Delay ‘acc 250 300 ns CE=OE=V, 
CE to Output a 
Delay toe 250 300 ns CE=Vy, 
Output Enable — 
to Output Delay ‘OE 700 120 sal E= Vit 
Output Enable 
High to Output toe 0 85 105 ns CE=Vy, 
Float 
Address to = 
Output Hold ton 0 0 ns CE=Vy, 


Notes: (1) Output load: see Figure 1. 
Input rise and fall times: 20ns. 
Input pulse levels: 0.45V to 2.4V. 
Input and output timing measurement reference levels: 0.8V and 2.0V. 


Ta = 25°C + 5°C; Voc = +6V + 0.25V; Vpp = 21V + 0.5V 
Program, Program Verify, and Program Inhibit Modes © @® 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Address Set-up Time tas 2 Ls 
Data Set-up Time tos 2 HS 
Data Hold Time ton 2 HS 
Address Hold Time tax 2 ws Input pulse levels 
Chip Enable to t 130 = 0.45V to 2.4V 
DF ns 
Output Float Delay Input and output 
V.- = Set-up Time t 2 s timing reference 
ce : Ns ; = levels = 0.8V and 
Program Pulse Width  tpw 0.95 1 1.05 ms gov 
CE Set-up Time tces 2 BS _s Input rise and fall 
OE Set-up Time toes 2 __pe times = 2ons 
OE Hold Time ® ies 2 os 
OE Recovery Time @ ton 2 ons 
CE to Output Valid @ toy 1 us 


Notes: © Vin (min) and V;, (max) are reference levels for measuring timing of input signals. 
Transition times are measured between Vj, and V,,. 
@ Vcc must be applied simultaneously or before Vpp and removed after Vpp. 
@ These parameters are sampled periodically. 


Figure 1. Loading Conditions Test Circuit 
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Programming Operation 
High Speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by program- 
ming a low level (0) TTL signal into the chosen bit 
location. 


Address the first location and apply valid data at the 8 
output pins. Raise Vcc to +6 V +.25 V; then raise Vpp 
to +21 V +.5 V. Apply a 1 ms (45%) program pulse to 
CE as shown in the programming mode timing 
waveform. The bit is verified and the program/no- 
program decision is made. If the bit is not programmed, 
apply another 1 ms pulse to CE up to a maximum of 20 
times. If the bit is programmed within 20 tries, apply an 
additional overprogram pulse of (1 x number of 
tries) ms and input the next address. If the bit is not 
programmed in 20 tries, reject the device as a program 
failure. 


After all bits are programmed, lower both Vcc and Vpp 
to +5 V +5% and verify all data again. 


Programming Inhibit Mode 


Use the programing inhibit mode to program multiple 
uPD27256s connected in parallel. All like inputs (except 
CE, but including OE) may be common. Program 
individual devices by applying alow level (0) TTL pulse 
to the CE input of the uPD27256 to be programmed. 
Applying a high level (1) to the CE input of the other 
devices prevents them from being programmed. 


Program Verify Mode 


Perform verification on the programmed data to deter- 
mine that the data was correctly programmed. The 
program verification can be performed with the CE and 
OE at low levels (0). 


Erasure 


Erase data on the wPD27256 by exposing it to light with 
a wavelength shorter than 400 nm. Exposure to direct 
sunlight or fluorescent light could also erase the data. 
Consequently, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
x exposure time.) 


An ultraviolet lamp rated at 12,000 wW/cm2 takes 
approximately 15 to 20 minutes to complete erasure. 
Place the wPD27256 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 
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Timing Waveforms 
Read Mode 
K~S*=CAdresses Valid 


t~—_—tacc 
® 


0,-0, ee CLT OD et 


Notes: © OE may be delayed up to tacc—tog after the falling edge of CE for read mode 
without impact on tacc. 
@ tor is specified from OE or CE, whichever occurs first. 


Program Mode 


Program 
Verify 


Address N |) 


Data as 
Data-in an, SOE center Valid 
Address N toe Address N 


Program 
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Description 


The upPD27C64 is a 65,536-bit (8,192 x 8-bit) electrically 
programmable read-only memory (EPROM). It operates 
from a single +5V power supply making it ideal for 
microprocessor applications. It is fabricated using an 
advanced CMOS process which saves substantial 
power in operating and standby modes. 


A distinctive feature of the wPD27C64 is an output 
enable (OE) separate from the chip enable (CE). The 
OE control eliminates bus contention in multiple-bus 
microprocessor systems. The wPD27C64 features fast, 
simple, one-pulse programming controlled by TTL- 
level signals. A high-speed programming mode is also 
available. 


The pPD27C64 is available in a cerdip package with a 
quartz window as an ultraviolet (UV), erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP), non-erasable EPROM. 


Features 


(J Ultraviolet erasable and electrically programmable 
(J) Low supply current: 
— 30 mA (max) active current 
— 100 pA (max) standby current 
L) High-speed programming mode 
CL) Single location programming 
() Programmable with single pulse (total program- 
ming time is 420 sec in standard mode) 
(J Input/output TTL-compatible 
LJ Single +5 V power supply 
(J Low power dissipation: 
— 33 mMW/ MHz (max) operating 
— 550 pW (max) standby 
L] pPD2764-compatible 
LJ) 28-pin DIP 


Performance Ranges 


gg Power Supply (Max) 
Device (Max) Active Standby 
uPD27C64-20 200 ns 30 mA 100 pA 
yPD27C64-25(1) 250 ns 30 mA 100 pA 
uPD27C64-30(1) 300 ns 30 mA 100 pA 


Note: 
(1) Available as either UV or OTP. 


Pin Configuration 


3 
1S) 
6K 
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uPD27C64 
8,192 x 8-BIT 
CMOS UV/OTP EPROM 


Revision 1 


Pin Identification 

No. Symbol Function 
1 Vpp Program voltage 
2-10, 21, Ao-Ay2 Address inputs 
23-25 

11-13, 15-19 | DO 9-D07 Data inputs /outputs 
14 GND Ground 

20 CE Chip enable 

22 OE Output enable 

26 NC No connection 

27 PGM Program 

28 Vec +5 V power supply 


Block Diagram 


Ao-Ai2 
Address 
Inputs 


Output Enable 
Chip Enable and 
Program Logic 


Y- 
Decoder 


X- 
Decoder 


Data Outputs/inputs 


DOo-DO7 


a 


Input/Output Buffers 


Y-Selection 


65,536-bit 
Cell Matrix 
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Absolute Maximum Ratings 
Power supply voltage, Vcc 


-0.3V to +7.0V 
-0.3V to Vcc +0.3V 
-0.3V to Vcc +0.3V 

— 10°C to +80°C 

— 65°C to +125°C 

-0.3Vto +22V 


Comment: Exposing the device to stresses above those listed in Abso- 
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 


Input voltage, Vin 

Output voltage, Voyt 
Operating temperature, Topp 
Storage temperature, Tstg 


Program voltage, Vpp 


Capacitance 
Ta = 28°C, f =1MHz 

Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Input Cin 6 pF Vin=OV 
capacitance 
Output Cout 12 pF VouT=0V 
Capacitance 
DC Characteristics 
Read and Standby Modes 
Ty =0°C to +70°C, Veco = +5V+10%, Vpp=Voc 

Limits Test 
Parameter Symbol Min Typ Max _— Unit Conditions 
Output voltage, Voy 2.4 V lon = —400 pA 
high 
Output voltage, Vo, 0.45 V Io, =2.1mA 
low 
Input voltage, Vy 2.0 Vec+0.3 V 
high 
Input voltage, = Vi -0.3 0.8 V 
low 
Output leakage I19 10 vA OE=Vin, 
Current Vout =0V to Vcc 
Input leakage = | 10 HA Vin=OVto Voc 
current 
Operating loca 10 mA CE=Vj, 
supply current Vin=Vin 
Operating Icca2 30 mA f=5MHz, 
supply current louT=OmA 
Standby supply Ics} 1 mA CE=Viy 
current 
Standby supply Iccso 1 100 pA CE=Vec, Vin=OV 
Current to Vec 
Program voltage pp, 1 100 vA Vpp=Vcc +0.6V 


Current 
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Standard Programming, Program Verify, and Program 


Inhibit Modes 
Ta = 25°C 45°C, Voc = +5V 410%, Vpp= +21V+0.5V 


Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Output voltage, Voy 2.4 Vs loy=—400 pA 
high 
Output voltage, Vo, 0.45 Vi Io, =2.1mA 
low 
Input voltage, Vy 2.0 Vec+0.3 V 
high 
Input voltage, = Vi, -0.3 0.8 V 
low 
Input leakage =| 10 HA Vin=Vy. or Vin 
current 
Operating loc2 30 mA 
supply current 
Program voltage Ipp 30 mA CE=PGM=V\) 


Current 


High-Speed Programming Mode 
Ta = 25°C +5°C, Voc = +6V +0.25V, Vpp = +21V+0.5V 


Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Output voltage, Voy 2.4 V lon=—400 yA 
high 
Output voltage, Vo. 0.45 Vs lop =2.1mA 
low 
Input voltage, Vy 2.0 Vect+1 V 
high 
Input voltage, Vi, -0.1 0.8 V 
low 
Input leakage = | 10 HA Vin =Vi, Or Vin 
Current 
Operating Icc2 30 mA 
supply current 
Program voltage Ipp 30 mA CE=PGM=Vi, 


current 
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AC Characteristics 


Read and Standby Modes 
Ta =0°C to +70°C, Vog = +5V +10%, Vpp = Voc 
Limits 

~yPb27¢64-20 PD27C64-25(1) _.PD27C64-30(1)_ - 
Parameter Symbol Min Max Min Max Min Max Unit Conditions(2) 
Address to output delay tacc 200 250 300 ns CE=0E=Vy, 
CE to output delay tor 200 250 300 ns OE=Vj, 
OE low to data output delay tor 10 19 10 100 10 120 ns CE=Vy, 
OE high to data output float delay tor 0 60 0 85 0 105 ns CE=Vi, 
Address to output hold time tou 0 0 0 ns CE=0E=V), 


Note: 
(1) Available in either UV or OTP. 


(2) Output load: see Loading Conditions Test Circuit. Input rise and fall times: 20 ns. Input pulse levels: 0.45 V to 2.4 V. Timing measurement reference 
levels: 
Inputs: 0.8 V and 2.0 V 
Outputs: 0.8 V and 2.0 V. 


Standard Programming, Program Verify, and Program High-Speed Programming Mode 
Inhibit Modes Ta = 25°C +5°C, Voco = +6V +0.25V, Vpp = +21V +0.5V 
Ta = 25°C 45°C, Voc = +5V+10%, Vpp= +21V+0.5V Limits 7 
Limits Test Parameter Symbol Min Typ Max _ Unit Conditions 
Parameter Symbol Min Typ Max _ Unit Conditions Address setup tas 9 us (Notes 1, 2) 
Address setup tas 2 us ___ (Notes 1, 2, 3) time 
time Data setup time tps 2 Ts (Notes 1, 2) 
Data setup time tps 2 us (Notes 1, 2, 3) Address hold tay 9 us (Notes 1, 2) 
Address hold tay 0 us (Notes 1, 2, 3) time 
time Data holdtime = tpy 2 us (Notes 1, 2) 
Dataholdtime tox y ws _(Notes 1, 2, 3) Chip enable to tor 0 130 ns (Notes 1, 2) 
Output enable to tpg 0 130 ns (Notes 1, 2, 3) output float 
output float delay 
delay Supply current tycs 2 us (Notes 1, 2) 
Program supply tys 2 us (Notes 1, 2, 3) setup time 
setup time Program setup _typs 2 us (Notes 1, 2) 
Program pulse _tpw 20 +3250 55 ms _ (Notes 1, 2, 3) time 
width Initial program tpy 0.95 1 1.05 ms (Notes 1, 2) 
CEsetuptime tees 2 us __ (Notes 1, 2, 3) pulse width 
OE setup time —_to¢s 2 us (Notes 1, 2, 3) Additional topw 3.8 63 ms (Notes 1, 2) 
= program pulse 
OE to data tog 150 ns (Notes 1, 2, 3) range 
utilization delay = 
CEsetuptime toes 2 us (Notes 1, 2) 
Note: a ee 
(1) Input pulse levels: V,; = 0.45 V to 2.4 V. OE setup time to¢s 2 us (Notes 1, 2) 
(2) Input and output timing reference levels = 0.8 V and 2.0 V. OE data utiliza- tor 150 ns (Notes 1, 2) 
(3) Input rise and fall times = 20 ns. tion delay 
’ Note: 


(1) Input pulse levels: V; = 0.45 V to 2.4 V. 


(2) Input and output timing reference levels = 0.8 V and 2.0 V. 


uPD27C64 


Figure 1. 


Loading Conditions Test Circuit 


Dour 
u.PD27C64 


i = 100pF 
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Timing Waveforms 


Read Mode 


Ao-Ai2 Addresses Valid 


Note: 


1. OE may be delayed up to tacc-toe after the falling edge of CE for read mode 
without impact on tacc. 


2. tor is specified from OE or CE, whichever occurs first. 
83-003081A 


Programming Mode 


Program 


= = oe 
<—_—_———— Program Verify 


( Address N 


Data-in 
tas > «— Stable Data-out > 
| Address N Address N° 


— High 
D0,-D0,——{ 7 Finnegance? 4 


ae ye — ton 
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High-Speed Programming Mode 


Address N 


m—tas tor 


tate | 


tan 


{Data-in |} 


DO,-DO, 


Vee + 1 
V 
cc Vice 
tvcs 


+ toes 


_ Ls 
toe 
a 


Note: 
1. Ifaread is performed within the tacc range, the OE input lead time from CE 
fall time is tacc-tog [max]. 
2. tor represents the time from the rise of OE or CE, whichever rises to Vj, first. 
3. Connect Vcc before V,, and disconnect after Vpp. 
83-003083A 


Truth Table 

Mode CE OE PGM Vpp Voc Outputs 
Read Vir Vir Vip +5V +5V — Data output 
Standby Viy =X X +5V 4+5V — High impedance 
Standard progam Vy =X Vi Vpp +5V__ Data input 
Program verify Vir Vir Vin Vpp +5V — Data output 
Program inhibit Viy =X X Vpp +5V — High impedance 
High-speed Vi =X Vit Vpp +6V — Data input 
programming 

Note: 


(1) Xcan be either V;, or Viy. (Viy = TTL-level high input voltage, 
Vit = TTL-level low input voltage) 


Function 


The ».PD27C64 uses a single standard +5V power sup- 
ply (uPD8086, »PD8085, ».PD8088). Furthermore, all the 
input/output terminals are TTL-level so that the total 
system can be simplified. For programming purposes, 
an additional +21V power supply is required. 


The uPD27C64 does not require any complex program- 
ming devices. Programming can be done while chips 
are mounted on a system board. A single TTL-level pulse 


(pulse duration 50 ms) is used to program any single ad- 


dress. 


The pPD27C64 features a standby mode which reduces 
the power dissipation from the maximum active power 
dissipation of 165 mW to amaximum standby power dis- 
sipation of 550yn.W. This results in a power savings of 
over 99% with no increase in access time. 
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Erasure 


Data written on the »PD27C64 can be erased by light 
with a wavelength shorter than 400 nm. If it is exposed 
to direct sunlight or fluorescent light, programmed data 
may be erased. Therefore, in order to protect the pro- 
grammed data, mask the window to prevent erasing by 
ultraviolet rays. 


Data on the nPD27C64 is usually erased by 254 nm ultra- 
violet rays. The lighting level required to completely 
erase written data is 15 W-sec/cm2 (min) (ultraviolet ray 
intensity x exposure time). 


An ultraviolet lamp of 12,000 pW/cm2 will take approxi- 
mately 15 to 20 minutes. The distance between the lamp 
and wPD27C64 should be within 2.5cm. The filter on the 
ultraviolet lamp should be removed for this operation. 
The program protect seal should also be removed from 
the window of the pPD27C64. 


Operation 


The six operation modes of the .PD27C64 are listed in 
the truth table. Vcc should be set to +5V for each 
Read, Standby, Standard programming, Program verify, 
or Program inhibit mode. Vcc should be set to +6 V for 
the High-speed Programming mode. Control terminals 
CE, OE, PGM, and Vpp should be set according to the 
data in this table. 


Read Mode 


When CE and OE are at a low (0) level, Read is set and 
data is available at the outputs after tog from the falling 
edge of OE and tacc after setting the address. 


Standby Mode 


The pPD27C64 is placed in a standby mode with the ap- 
plication of a high (1) level TTL signal to the CE input. In 
this mode the outputs are in a high-impedance state, in- 
dependent of the OE input. The active power dissipation 
is reduced from 165 mW to 550 pW. 


Programming Modes 


The pPD27C64 cangbe programmed in two ways: 
ng mode, and (2) highsspeed pro- 


standard p 
gramming mode. In the standard mode, | 


50 ms PGM puls is applied to each bit Igéation. The . 
high-speed pen ing.modedsrsiriNar to the | . 


oF 3 1@ is wire ss O 
gent Programnfng Algorithm® in which up to 
1ms PGM pulses are applied to each bit locagfon, fol- 


lowed by an additional PGM pulse, of which thg width is : | i 


h number 
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Standard Programming Mode 


Programming begins by erasing all data and conse- 
quently having all bits in the high (1) level state. Data is 
then entered by programming a low (0) level TTL signal 
into the chosen bit location. 


The pPD27C64 is placed in the programming mode by 
applying a low (0) TTL-level program pulse to the CE and 
PGM inputs with Vpp at +21V. The data to be pro- 
grammed is applied to the output pins in 8-bit parallel 
form at TTL levels. 


Any location can be programmed at any time, either in- 
dividually, sequentially, or at random. 


When multiple .~PD27C64s are connected in parallel ex- 
cept for CE, individual .PD27C64s can be programmed 
by applying a low (0) level TTL pulse to the PGM input of 
the desired .PD27C64 to be programmed. 


Programming of multiple .~RD27C64s in parallel with the 
same data is easily accomplished. All the like inputs are 
tied together and programmed by applying a low (0) level 
TTL pulse to the PGM inputs. 


High-speed Programming Mode 


In this mode, programming begins by addressing the 
first location, and applying valid data to the eight output 
pins (a low-level TTL signal, 0, into the chosen bit loca- 
tion). 


Vcc is then raised to 6 V + 0.25 V followed by Vpp raised 
to 21V +0.5V. APGM pulse of 1ms +5% is then input in 
the same manner as described in the programming 
mode timing diagram. The bit is then verified and a 
program/no-program decision is made. If the bit is not 
yet programmed, another 1ms PGM pulse is input, toa 
maximum of fifteen times. If the bit is programmed 
within fifteen efforts, another pulse of 4ms for each ef- 
fort is input and the next address is input. If the bit does 
not program within fifteen 1ms efforts, another PGM 
pulse of 60 ms is input and the bit verified. If the bit is 
not programmed at this stage, the device would be re- 
jected as a program failure. If the bit is programmed, the 
next address is input until all addresses are complete. 


tage, Vcc and Vpp pins are lowered to5V+5% 
lf bytes are then verified again for programming. 


high-speed# progrartae 
ming time fo t¥icaly 


‘ 
o 


z.. gent Programming Algorithm isa registered trademark fe) 
Corporation. 
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Program Inhibit Mode 


Programming multiple ».PD27C64s in parallel with dif- 
ferent data is easier with the programming inhibit mode. 
Except for CE (or PGM) all like inputs (including OE) of 
the parallel «PD27C64s may be common. Programming 
is accomplished by applying a low (0) TTL-level program 
pulse to the CE and PGM inputs with Vpp at +21V. A 
high (1) level applied to the CE (or PGM) of the other 
uPD27C64 will inhibit it from being programmed. 


Program Verify Mode 


A verify should be performed on the programmed bits to 
determine that the data was correctly programmed. The 
program verify can be performed with CE and OE at low 
(0) levels and PGM at a high (1) level. 
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Output Disable 


The data outputs of two or more pPD27C64s may be 
wire-ORed together to the same data bus. In order to 
prevent bus contention problems between devices, all 
but the selected .PD27C64s should be disabled by rais- 
ing the CE input toa TTLhigh. OE input should be made 
common to all devices and connected to the read line 
from the system control bus. These connections offer 
the lowest average power consumption. 


NEC 


NEC Electronics Inc. 


Description 


The pPD27C256 is a 262,144-bit ultraviolet erasable and 
electrically programmable read-only memory utilizing 
CMOS double-polysilicon technology. The device is or- 
ganized as 32K words by 8 bits and operates from a sin- 
gle +5V power supply. All inputs and outputs are 
TTL-compatible. The ».PD27C256 has single location 
programming, three-state outputs and is pin- 
compatible with the 27256 EPROM. It is available as a 
28-pin DIP. 


The »hPD27C256 is available in a cerdip package with a 
quartz window as an ultraviolet (UV) erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP), non-erasable EPROM. 


The p»PD27C256 has a Vpp of 21V. 


Features 


32K-word by 8-bit organization 
Ultraviolet erasable and electrically programmable 
Single location programming 
High-speed programming mode 
Low power dissipation: 

165 mW (active) 

550 pW (standby) 
Input/output TTL-compatible for reading and 
programming 
Single +5 V power supply 
JEDEC vendor identification mode 
Three-state outputs 
Pin-compatible with wPD27256 EPROM 
CMOS double-polysilicon technology 
28-pin DIP 
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Performance Ranges 


Access 


Time Power Supply (Max) 

Device (Max) Active Standby 
uPD27C256-15 150 ns 30mA 100 pA 
uPD27C256-20[1] 200 ns 30 mA 100 pA 
~ uPD270256-25] 1] 250ns  30mA 100A 


Note: [1] Available as either UV or OTP OTP version is preliminary. 


uPD27C256 
32,768 x 8-BIT 
CMOS UV/OTP EPROM 


Revision 1 


Pin Configuration 


yPD27C256 


GND LJ] 14 
83-001730A 
Pin Identification 
No. Symbol Function 
1 Vpp Program voltage 
2-10, 21, Ao-A44 Address inputs 
23-27 
11-13, 15-19 09-07 Data outputs 
14 GND Ground 
20 CE Chip enable 
22 OE Output enable 
28 Vec +5 V power supply 
Block Diagram 
Data Outputs 
Oo0-07 
Yoo OO 
GND O——> SEEPEraEaaireraT 
Vpp O——e 
cE ——> Output Enable, 
0 vom a 
oL — Program Logic 


Y-Gating 


: 
se 

X-Decoder . 

e 

e 


Ao-A14 
Address 
Inputs 


262,144-bit 
Cell Matrix 


— 
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Absolute Maximum Ratings 
Power supply voltage, Vcc 


Input voltage, Viy[1] 
Output voltage, Voyt 


-0.6V to +7.0V 
-0.6V to Veco +0.6V 
—0.6V to Vcc +0.6V 
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DC Characteristics 


Operating temperature, Topp — 10°C to 80°C 
Storage temperature, Tstg — 65°C to 125°C 
Program voltage, Vpp —0.6V to +22V 


ID read voltage on pin 24, Vip —0.6V to +13.5V 


Note: [1] Vij = —3.0V min for 20ns pulse. 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Capacitance 
Ta = 25°C, f = 1 MHz [Note 1] 

Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input capacitance Ci 6 PF Viy=OV 
Output Cout 12 DF Voyt=0V 
Capacitance 


Note: [1] This parameter is sampled and not 100% tested. 


Note: [1] For yPD27C256-15: Veg = 5V +5% 


Read and Standby Modes 
Ta = 0°C to +70°C, Voc = +5 V £10%(1); Vpp = Voc 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Output voltage, Voy 2.4 Vlon=—400 pA 
high 
Output voltage, Vo. 0.45 Vs Io, =2.1mA 
low 
Input voltage, Vin 2.0 Vec+0.3 V 
high 
Input voltage, low Vy, -0.3 0.8 V 
Output leakage Ii9 10 vA OE=Viy, 
current VouT=0V to 
Voc 
Input leakage Ih 10 HA Vin=O0Vto Voc 
current 
Operating supply Iccay 30 mA CE=Vi, 
current Vin=VIH 
Operating supply Iccag 30 mA 5Mkz, 
current louT=OmA 
Standby supply —Ispy 1 mA CE=V\y 
current 
Standby supply —Ispo 100 yA CE=V¢c¢ 
Current 
Program voltage |ppy 100 uA Vpp=Voc 
current 
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Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C +5°C, Voc = +6 V £0.25 V, Vpp = +21 V 0.5 V 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Output voltage, Voy 2.4 Vloy=—400 pA 
high 
Output voltage, Vo, 0.45 Volo, =2.1mA 
low 
Input voltage, Vin 2.0 Vect0.3 V 
high 
Input voltage, low Vj, -0.3 0.8 V 
ID read voltage Vip 11.5 12.5 V 
Input leakage I 10 HA Vin=Vi or Vin 
Current 
Operating supply loc 30 mA 
Current 
Program voltage Ippo 30 mA CE=Vi,, 
current OE=Vjy 
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AC Characteristics 


Read and Standby Modes 
Ta = 0°C to +70°C, Vog = +5 V £10%(3); Vpp = Voc 
Limits 
uPD270256-15 uPD27C256-20[1] .PD27C256-25[1] Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions[2] 
Address to output delay tacc 150 200 250 ns CE=0E=V), 
CE to output delay tog 150 200 250 ns CE=Vi, 
OE low to data output delay tog 75 75 100 ns CE=V\, 
OE high to data output float delay tor 60 60 85 ns CE=Vj, 
Address to output hold time ton 0 0 0 ns CE = OE = Vy 


Notes: [1] Available in either UV or OTP. 
[2] Output load: see figure 1. 
Input rise and fall times: 20 ns. 
Input pulse levels: 0.45 V to 2.4 V. 
Timing measurement reference levels: 
Inputs: 0.8 V and 2.0V 
Outputs: 0.8 V and 2.0 V. 
[3] For uPD27C256-15: Vog = 5 V +5% 


Program, Program Verify, and Program Inhibit Modes Figure 1. Loading Conditions Test Circuit 
Ta = 25°C +5°C, Vag = +6 V £0.25 V, Vpp = +21 V 40.5 V 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Address setup _ tas 2 us [Notes 2, 3, 4] 
time 
Data setup time tps 2 us [Notes 2, 3, 4] 
Address hold time tay 2 us [Notes 2, 3, 4] 
Data hold time toH 2 us [Notes 2, 3, 4] uPD27C256 © Out 
Chipenableto _— tor 130 ns_ [Notes 2, 3, 4! 
output float delay CL= 100 BF 
Supply current —tys 2 us [Notes 2, 3, 4] 
setup time 
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Program pulse _— tpw 0.95 1 1.05 ms [Notes 2, 3, 4] 
width 


= Truth Table 
CE setup time toes 2 us [Notes 2, 3, 4] = 5 7 : - 
—= ' E E Ag pp Vcc utputs 
OE setuptime —_togs 2 us [Notes 2, 3, 4] Mode (20) (22) (24) (1) (28) (11-13, 15-19) 
OEholdtime[t] topy 2 us [Notes 2, 3, 4] [a a oe ee ee 
OE baa tor 2 us [Notes 2, 3, 4] Standby Vin XX Veco. Vee Hi-Z 
time 
|| a eee ee Program Vii Vin X  Vpp Vee Din 

ear output = tov AS. (NOTES 2) 3,4) Program verify Vi Vir =X ~~ Vpp. Voc Dout 
Notes: [1] tocy + tor = 50us. Program inhibit Vin =X X Vpp Vcc Hi-Z 

[2] Input pulse levels = 0.45 V to 2.4 V. ID read Vii Vit Vin Veco Vee DouT 


[3] Input and output timing reference levels = 0.8 V and 2.0 V. 


Note: [1] X canbe either V,, or Viy. 
[4] Input rise and fall times = 20ns. i) IL IH 
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Programming Operation 
High Speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by programming 
a low level (0) TTL signal into the chosen bit location. 


Address the first location and apply valid data at the 
8 output pins. Raise Vcc to +6V+0.25V; then raise 
Vpp to +21V +0.5V. Apply a1ms(+5%) program pulse 
to CE as shown in the programming mode timing 
waveform. The bit is verified and the program/ 
no-program decision is made. If the bit is not pro- 
grammed, apply another 1ms pulse to CE up to a 
maximum of 20 times. If the bit is programmed within 
20 tries, apply an additional overprogram pulse of 
(1 x number of tries) ms and input the next address. If 
the bit is not programmed in 20 tries, reject the device as 
a program failure. 


After all bits are programmed, lower both Vcc and Vpp 
to +5V+5% and verify all data again. 


Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
uPD27C256s connected in parallel. All like inputs (ex- 
cept CE, but including OE) may be common. Program in- 
dividual devices by applying a low level (0) TTL pulse to 
the CE input of the 1.PD27C256 to be programmed. Ap- 
plying a high level (1) to the CE input of the other devices 
prevents them from being programmed. 


Program Verify Mode 


Perform verification on the programmed data to deter- 
mine that the data was correctly programmed. The pro- 
gram verification can be performed with the CE and OE 
at low levels (0). 


Erasure 


Erase data on the .PD27C256 by exposing it to light with 
a wavelength shorter than 400 nm. Exposure to direct 
sunlight or fluorescent light could also erase the data. 
Consequently, mask the window to prevent uninten- 
tional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to com- 
pletely erase written data (ultraviolet ray intensity x ex- 
posure time). 


An ultraviolet lamp rated at 12,000 ,.W/cm2 takes ap- 
proximately 15 to 20 minutes to complete erasure. Place 
the wPD27C256 within 2.5 cm of the lamp tubes. Remove 
any filter on the lamp. 
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Timing Waveforms 


Read Mode 


Addresses Valid 


Cr 


LE SER NN, 
LEELE vais output yy 
Note: 


[1] OE may be delayed up to tacc-toe after the falling edge of CE for read 
mode without impact on tacc. 
[2] tpg is specified from OE or CE whichever occurs first. 


83-001733A 


Program Mode 


Program 

<+— Program —> |< Verify 
ViH 

Addresses 


ViL 


Data-in Stable 
Address N 


Data-out Valid 
Address N 


VIH 
Data 
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NEC 32,768 x8-BIT 


NEC Electronics Inc. CMOS UV/OTP EPROM 


Description Pin Configuration 


The pPD27C256A is a 262,144-bit ultraviolet erasable 
and electrically programmable read-only memory utiliz- 
ing CMOS double-polysilicon technology. The device 
is Organized as 32K words by 8 bits and operates from 
a single +5V power supply. All inputs and outputs are 
TTL-compatible. The »PD27C256A has single loca- 
tion programming, three-state outputs and is pin- 
compatible with the 27256 EPROM. It is available as a 
28-pin DIP. 


The uPD27C256A is available in a cerdip package with 
a quartz window as an ultraviolet (UV) erasable EPROM, 
or in a plastic package as a one-time-programmable 
(OTP) non-erasable EPROM. High density surface 
mount packages are available for both UV and OTP 
versions. 83-001735A 


The w.PD27C256A has a program voltage (Vpp) of 12.5 V. 


28-Pin DIP, Plastic Miniflat 


< 
ra 
N 
oO 
= 
N 
a 
a 

a 


Features 

A7 Vpp Vcc A113 
O 32K-word by 8-bit organization = 
L] Ultraviolet erasable and electrically programmable uy Ta 
L) Single location programming 
L) High-speed programming mode 
L] Low power dissipation, 


—Active: 165 mW 
—Standby: 550 uwW 


oo, 


: 
5 
7 
i 
: 
5 
d 
i 
; 


| 
Fag Thy Trg Trg Tap Tag Tag Tas Tay 
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1 
LJ Input/output TTL-compatible for reading and 1 
programming : ; 
LJ Single +5V+10% power supply uPD27C256AK 
1) JEDEC vendor identification mode 14"15"16117'18"19!20! 
L) Three-state outputs 0; GND 03 Os 
0 Pin-compatible with p.PD27256 EPROM aa Ne 4 
LJ 


CMOS double-polysilicon technology 
CL) 28-pin DIP, plastic miniflat, or 32-pin ceramic 
LCC packages 


Performance Ranges 


a Power Supply (Max) 
Device (Max) Active Standby 
uPD27C256A-12 120 ns 30 mA 100 pA 
pPD27C256A-15(1) 150 ns 30 mA 100 pA 
pPD27C256A-20(1) 200 ns 30 mA 100 pA 


Note: 
(1) Available as either UV or OTP. OTP version is preliminary. 
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Pin Identification Absolute Maximum Ratings 

en BS EAS STG mine Input voltage, Vjj(1) -0.6V to Voc +0.6V 
= —_ = Output voltage, Voyr —0.6V to Voc +0.6V 
VPP dle Ls “ee Operating temperature, Top — 10°C to 80°C 
a AoA ei ani Storage temperature, Tstg — 65°C to 125°C 
11-13, 15-19 0-07  ~—“Dataoutputs tt tt—~S Program voltage, Vpp -—0.6V to +13.0V 
4 GND. Ground § lO read voltage on pin 24, Vip -0.6V to +13.5V 
i Tl: S eee i = —3.0V min for 20ns pulse. 

22 OE Output enable 


eee Comment: Exposing the device to stresses above those listed in Abso- 
28 Vec +5 V +10% power supply lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de- 
scribed in the operational sections of the specification. Exposure to 


Ceramic LCC absolute maximum rating conditions for extended periods may affect 
No. Symbol Function device reliability. 
1, 12, 17, 26 NC No connection Capacitance 
2 Vpp Program voltage Ta = 25°C, f = 1MHz (Note 1) 
3-11, 24, 27-31 Ao-A44 Address inputs Limits Test 
13-15, 18-22 00-07 Data outputs Parameter Symbol Min Typ Max _ Unit Conditions 
16 GND Ground Input Cin 6 pF Viy=0V 
a ee Capacitance 
23 CE Chip enable : = . a 
= utput OUT 1 pF = VouT=0V 
25 OE Output enable capacitance 
32 Voc +5 V +10% power supply Note: 
(1) This parameter is sampled and not 100% tested. 
Block Diagram 


Data Outputs 
00-07 


Output Enable, 
Chip Enable, and Output Buffers 
Program Logic 


_ 
Ao-A14 
Address 
Inputs 
X-Decoder 262,144-bit 
Cell Matrix 


83-001731A 
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NV. KE Cc uPD27C256A 


DC Characteristics 


Read and Standby Modes Program, Program Verify, and Program Inhibit Modes 

Ta =0 to +70°C, Voc = +5 V 10%, Vpp = Voc Ta = 25°C + 5°C, Vog = +6 V £0.25 V, Vpp = +12.5V 40.3 V 
Limits Test Limits Test 

Parameter Symbol Min Typ Max _ Unit Conditions Parameter Symbol Min Typ Max _ Unit Conditions 

Output voltage, Voy 2.4 Vs Ioy=—400 pA Output voltage, Von 2.4 V lon =—400 pA 

high high 

Output voltage, Vo. 0.45 V Ig. =2.1mA Output voltage, Vo. 0.45 V lop =2.1mA 

low low 

Input voltage,  Viy 2.0 Vec+0.3 V Input voltage,  Vjy 2.0 Vec+0.3 V 

high high 

Input voltage, Vi, -0.3 0.8 V Input voltage, = Vi. -0.3 0.8 V 

low low 

Output leakage lio 10 vA OE=Vin, ID read voltage Vip 11.5 12.5 V 

CUErEtTE Vout=0¥ to Vcc Inputleakage = [1 10 HA Vin=Vi, or Vin 

Input leakage =I 10 vA Vin=O0V to Voc current 

aurem _ Operating Icc 30 mA 

Operating ICCA 30 mA CE=Vj,, supply current 

Supply current Vin=ViH Program voltage Ippo 30 mA CE=Vy, 

Operating ICCA2 30 mA 5MkHz, current OE=Viy 

supply current louT =O mA 

Standby supply spy { mA CE=Viy 

current 

Standby supply spo 100 pA CE=V¢c 

current 

Program voltage !ppy 100 pA Vpp=Vcc 

current 


AC Characteristics 


Read and Standby Modes 
Ta =0 to +70°C, Vog = +5 V +10%, Vpp = Voc 
Limits 

—po27C256A-12 _,PD27C2E6A-45{%) _,PO2TCZEGA-20(H) - 
Parameter Symbol Min Max Min Max Min Max Unit Conditions(2) 
Address tooutputdelay § tcc 120 4180 200. ns CE=0E=V! 
CE to output delay tor 120 150 200 ns CE=Vi, 
OE low to data output delay tog 60 75 75 ns CE=Vi, 
OE high to data output float delay tor 50 60 60 ns CE=Vi, 
Address to output hold time tou 0 0 0 ns CE=0EF=Vi, 


Notes: 
(1) Available in either UV or OTP. 


(2) Output load: see figure 1. 
Input rise and fall times: 20 ns. 
Input pulse levels: 0.45 V to 2.4 V. 
Timing measurement reference levels: 
Inputs: 0.8 V and 2.0 V 
Outputs: 0.8 V and 2.0 V. 
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AC Characteristics (cont) 


Program, Program Verify, and Program Inhibit Modes 
Ta = 25°C + 5°C, Voc = +6 V £0.25 V, Vpp = +12.5 V 0.3 V 


Limits Test 
Parameter Symbol Min Typ Max _ Unit Conditions 
Address setup tas 2 us (Notes 1, 2, 3) 
time 
Data setup time tps 2 us (Notes 1, 2, 3) 
Address hold — tay 0 us (Notes 1, 2, 3) 
time 
Data holdtime = toy 2 us (Notes 1, 2, 3) 
Output enable to tpr 130 ns_ (Notes 1, 2, 3) 
output float 
delay 
Vpp setup time typs 2 us (Notes 1, 2, 3) 
Program pulse tpw 0.95 1 1.05  ms_ (Notes 1, 2, 3) 
width 
Voc setuptime tycs 2 us 
OEsetuptime  to¢s 2 us (Notes 1, 2, 3) 
Overprogram topw 0.95 21 ms 
pulse width 
Data valid from tog 150 ns 
OE 
Notes: 


(1) Input pulse levels = 0.45 V to 2.4 V. 
(2) Input and output timing refereice levels = 0.8 V and 2.0 V. 


(3) Input rise and fall times = 20 ns. 


Figure 1. Loading Conditions Test Circuit 


D 
uPD27C256A Out 


J 


Ci = 100 pF 


83-001736A 


9-26 
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Truth Table 

CE OE Ag pp Voc Outputs 
Mode (20) (22) (24) (1) (28) (11-13, 15-19) 
Read Vii Vit X Vee Vee Dout 
Standby Viw =X X Vec Vee Hi-Z 
Program Vii Vin X  Vpp Vee Din 
Program verify Vin Vit X= Vpp Vee Dout 
Program inhibit Vin Vin X  Vpp Vee Hi-Z 
ID read Vii Vir Vion Vcc Vee Dout 
Note: 


(1) Xcan be either Vj, or Vip. 


Programming Operation 
High Speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by programming 
a low level (0) TTL signal into the chosen bit location. 


Address the first location and apply valid data at the 
8 output pins. Raise Vcc to +6V+0.25V; then raise 
Vpp to +12.5V+0.3V. Apply a 1ms (+5%) program 
pulse to CE as shown in the programming mode timing 
waveform. The bit is verified and the program/ 
no-program decision is made. If the bit is not pro- 
grammed, apply another 1ms pulse to CE up to a 
maximum of 25 times. If the bit is programmed within 
25 tries, apply an additional overprogram pulse of 
(3 x number of tries) ms and input the next address. If 
the bit is not programmed in 25 tries, reject the device as 
a program failure. 


After all bits are programmed, lower both Vcc and Vpp 
to +5V+10% and verify all data again. 


Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
uPD27C256As connected in parallel. All like inputs (ex- 
cept CE, but including OE) may be common. Program in- 
dividual devices by applying a low level (0) TTL pulse to 
the CE input of the .~PD27C256A to be programmed. Ap- 
plying a high level (1) to the CE input of the other devices 
prevents them from being programmed. 


Program Verify Mode 


Perform verification on the programmed data to de- 
termine that the data was correctly programmed. The 
program verification can be performed with OE at a 
low level (0). To perform verification on multiple 
uPD27C256As connected in parallel, with a common 
OE input applied to all devices, first reduce Vpp to 
Vcc. Then the normal read mode can be used with a low 
level (0) applied to the CE input of the device to be veri- 
fied. A high level (1) is applied to the CE input of all other 
devices. 


NEC 


Erasure 


Erase data on the »PD27C256A by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to di- 
rect sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to com- 
pletely erase written data (ultraviolet ray intensity x ex- 
posure time). 


An ultraviolet lamp rated at 12,000 .W/cm2 takes ap- 
proximately 15 to 20 minutes to complete erasure. Place 
the wPD27C256A within 2.5cm of the lamp tubes. Re- 
move any filter on the lamp. 


uPD27C256A 


Timing Waveforms 


Read Mode 


oe) ee Amar 


Note: 

[1] OE may be delayed up to tacc-toe after the falling edge of CE for read 
mode without impact on tacc. 

[2] tpF is specified from OE or CE whichever occurs first. 


83-001733A 


Program Mode 


Program Program Verify 


(mn | 


tas taH 


| Data in Stable pace Z FZ Data Out Valid 
—— N ke Address N 


83-001737A 
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NEC 


NEC Electronics Inc. 
PRELIMINARY INFORMATION 


uPD27C512 
65,536 x 8-BIT 
CMOS UV EPROM 


Description 


The wPD27C512 is a 524,288-bit ultraviolet erasable 
and electrically programmable ROM using an advanced 
CMOS process that produces a substantial power 
saving. The device is organized as 64K words by 8 bits 
and operates from a single +5 V power supply. All 
inputs and outputs are TTL-compatible. The device is 
available in a 28-pin cerdip package with a quartz 
window. 


Features 


OC) 64K x 8-bit organization 
O) Ultraviolet erasable and electrically programmable 
OC High speed programming mode 
CO Low power dissipation: 
— 30 mA max (active) 
— 100 vA max (standby) 
OJ TTL-compatible inputs and outputs 
O) Single +5 V power supply 
C) Three-state outputs 
O) Advanced CMOS technology 
OC) 28-pin DIP 


Performance Ranges 


Power Supply 

Device Access Time Active Standby 
uPD27C512D-15 150 ns 30 mA 100 vA 
uPD27C512D-20 200 ns 30 mA 100 wA 
uPD27C512D-25 250 ns 30 mA 100 vA 
Absolute Maximum Ratings 

Operating temperature, Topp —10 to +80° C 
Storage temperature, Tstg —65 to +125 C 
Output voltage, Vo —0.6 to +7 V 
Input voltage, V; —0.6 to +7 V 
Input voltage, Ag —0.6 to +13.5V 
Supply voltage, Voc —0.6 to+7V 
Supply voltage, Vpp —0.6 to +13.5 V 


Comment: Exposing the device to stresses above those listed in 


Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


Pin Configuration 


49-001321A 


Pin Identification 


No. Symbol Function 

1-10, 21, 23-27 Ag-A15 Address inputs 

11-13, 15-19 09-07 Data outputs 

14 GND Ground 

20 CE Chip enable 

22 OE/Vpp Output enable/program voltage 
28 Voc Power supply 

Block Diagram 


Data Outputs 
Oo-07 


Output Enable/Vpp es 
a Output Buffers 
Chip Enable 


al 
Ea 


524,288-bit 
(1,024 x 512) 
Memory Array 


49-001322A 
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Mode Selection Capacitance 
Mode CE OE/Vpp Vee Outputs hn ne 
Read Sststé<“‘s;séséSS*C“<t‘wSC*C*«‘«‘ SOC! Limits Test 
Outputdisable #§ Vy, Vy +5V. HighzZ disable ViL Vin 45V High-Z ee = Min “ — = ae 
— i.e ee a ee! °:*!~C CL nput IN1 p |= 
——__—_# 7 _=_—-""_ capacitance “¢,., 12 20. pF OE/Vpp, Vj =0V 
Neen e rec ccc c ccc EIT anEEEEEEEEEE Output Court 8 12. —sopF Vo=0V 
Program verify Vit Vit +6 V Dout capacitance 
Program inhibit Vin X +6 V High-Z 
Note: 
X can be Vj, or Vip. 
DC Characteristics 
Read and Standby Modes 
Ta =0 to +70°C, Vog =5 V + 10% 
Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Input high voltage ViH 2.0 Voc + 0.3 V 
Input low voltage Vit —0.3 0.8 V 
Output high voltage Vout 2.4 V loy = —400 vA 

Vone2 Vec — 0.7 V lo = —100 vA 
Output low voltage VoL 0.45 V lol = 2.1 mA 
Output leakage current lLo 10 yA Vo = 0 to Vc, OE = Vin 
Input leakage current ly 10 uA V; =0 to Voc 
Voc current ICCAt 30 mA CE=Vi., = Vin 
(active) Icca2 30 mA f =5 MHz, loyy =9 MA 
Vcc current locst 1 mA CE=Viy 
(standby) Iccs2 1 100 HA CE = Vcc, Vj = 0 to Voc 
Programming Modes 
Ta = 25 + §°C, Voc = 6.0 V + .25 V, Vpp = 12.5 V £0.3 V 

Limits Test 

Parameter Symbol Min Typ Max Unit Conditions 
Input high voltage Vin 2.0 Voc + 0.3 V 
Input low voltage ViL —0.3 0.8 V 
Input leakage current Iu 10 HA V) = Vit or Vin 
Output high voltage Vou 2.4 V lon = —400 wA 
Output low voltage VoL 0.45 V lo = 2.1 mA 
Vpp current Ipp 30 mA CE = Vi, OE/Vpp = Vin 
Vcc current Icc 30 mA 
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yPD27C512 
AC Characteristics 
Read and Standby Modes 
Ta = Oto +70°C, Veg = 5 V+ 10% 
Limits 
yPD276512-15 vPD27C6512-20 uPD276512-25 Test 
Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address to output delay tacc 150 200 250 ns CE = 0E/Vpp = Vi 
CE to output delay tcE 150 200 250 ns OE/Vpp = Viv 
OE/Vpp to output delay tor 75 75 100 ns CE = Vi, 
OE/Vpp high to output float tor 0 60 60 85 ns CE = Vi. 
Output hold from address, CE, toH ns CE = OE/Vpp = Vi, 


or OE, whichever transition 
occurs first 


Note: 


(1) Output load: see figure 1. Input rise and fall times <= 20 ns. Input pulse levels: 0.45 V and 2.4 V. Timing measurement reference levels: 


Inputs = 0.8 V and 2.0 V 
Outputs = 0.8 V and 2.0 V 


Programming Modes 
Ta = 25+ 5°C, Voo = 6.0 V + ..25 V, Vpp = 12.5 V +0.3 V 


Parameter Symbol Min 
Address setup time tas 2 
OE setup time togs 2 
Data setup time tps 2 
Address hold time tay 2 
Data hold time tpH 2 
CE to output float time tor 0 
Vec setup time tvcs 2 
Initial program tpw 0.95 
pulse width 

Overprogram pulse width topw 2.85 
CE to output delay tov 

OE/Vpp hold time tocH 2 
OE/Vpp recovery time typ 2 
OE/Vpp rise time tprT 50 


Note: 
(1) toeH + tyr = 50 us 


Figure 1. Loading Conditions Test Circuit 


»PD27C512 


49-001323A 


Limits 
Typ 


1.0 


Unit 
US 
US 
Us 
us 
us 
130 ns 

Us 
1.05 ms 


Max 


78.75 ms 
1 Us 
US 

us 

ns 


Test 
Conditions 


OE/Vpp = Vit 
(Note 1) 
(Note 1) 
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Timing Waveforms 
Read Mode 


Oo-97 


Note: 
[1] OE/Vpp may be delayed up to tacc-toe after the falling edge of CE for read cycles without 
affecting tacc. 


[2] tpg is specified from OE/Vpp or CE, whichever occurs first. 
49-001324B 


Programming Mode 


Data In 
Stable 


Note: 


[1] Voc must be applied before or simultaneously with OE/Vpp and removed after or 
simultaneously with OE/Vpp. 
[2] Vpp must not be greater than +13 V, including overshoot. 
49-001325B 
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Programming Operation 
High-speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by pro- 
gramming alow level (0) TTL signal into the chosen bit 
location. 


Address the first location and apply valid data at the 8 
output pins. Raise Vcc to +6 V + .25 V; then raise 
OE/Vpp to +12.5 V + 0.3 V. Apply a 1 ms (+ 5%) 
program pulse to CE as shown in the programming 
mode timing waveform. The bit is verified and the 
program/no-program decision is made. If the bit is not 
programmed, apply another 1 ms pulse to CE up to a 
maximum of 25 times. If the bit is programmed within 25 
tries, apply an additional overprogram pulse of (3 x 
number of tries) ms and input the next address. If the 
bit is not programmed in 25 tries, reject the device as a 
program failure. 


Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
uPD27C512s connected in parallel. All like inputs 
(except CE, but including OE/Vpp) may be common. 
Program individual devices by applying a low level (0) 
TTL pulse to the CE input of the wPD27C512 to be 
programmed. Applying a high level (1) to the CE input 
of the other devices prevents them from being 
programmed. 


uPD27C512 


Program Verify Mode 


Perform verification on the programmed bits to 
determine that the data was correctly programmed. 
The program verification can be performed with CE 
and OE/Vpp at low levels (0). 


Erasure 


Erase data on the wPD27C512 by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent 
unintentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
x exposure time). 


An ultraviolet lamp rated at 12,000 uW/cm2 takes 
approximately 15 to 20 minutes to complete erasure. 
Place the wPD27C512 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 
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NV. EC uPD27C1024 

65,536 x 16-BIT 
NEC Electronics Inc. CMOS UV EPROM 
PRELIMINARY INFORMATION 


Description Pin Configuration 


The wPD27C1024 is a 1,048,576-bit ultraviolet erasable 
and electrically programmable ROM using an advanced 
CMOS process that produces a substantial power 
saving. The device is organized as 64K words by 16 bits 
and operates from a single +5 V + 10% power supply. 
Allinputs and outputs are TTL-compatible. The device 
is available in a 40-pin cerdip package with a quartz 
window. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Features 


CL) 64K x 16-bit organization 
L) Ultraviolet erasable and electrically programmable 
LJ Very high speed programming mode 
L) Low power dissipation: 
— 50 mA max (active) 
— 100 vA max (standby) 
LJ TTL-compatible inputs and outputs 
LO) Single +5 V + 10% power supply decavenees 
L) Three-state outputs 
L) Advanced CMOS technology 


uPD27C1024 


Pin Identification 


CL) 40-pin DIP 

No. Symbol Function 
Performance Ranges 1 Vpp Program voltage 

Power Supply (max) 2 CE Chip enable 

Device Access Time Active ‘Standby 3-10, 12-19 09-045 Data outputs 
uPD2701024D-15 150 ns 50 mA 100 vA 11, 30 GND Ground 
uPD27C1024D-20 200 ns 50 mA 100 A 20 OE Output enable 
uPD27C01024D-25 250 ns 50 mA 100 wA 21-29, 31-37 Ao-A15 Address inputs 

38 NC No connection 

39 PGM Program 

40 Voc Power supply 
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NEC 


Block Diagram 


Data Outputs 
09-045 


Output Enable a 
Chip Enable eee Output Buffers 
Program Logic 
Y-Decoder 8 


Y-Gating 
wae 


1,048,576-bit 
(1024 x 1024) 
Memory Array 


X-Decoder 
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Mode CE OF PGM Vpp Voc —dOutputs 
Read Vii Vir Vin +5V +5V = Dout 
Output disable Vii Vin xX +5 V +5V — High-Z 
Standby Vip =X X +5 V +5V — High-Z 
Program Vii Vin Vit +125V +6V Din 


Program verify Vii Vic Vin +125V  +6V  Doyt 


Program inhibit Vip =X X +125V +6V — High-Z 

Note: 

X can be Vj, or Vip. 

DC Characteristics 

Read and Standby Modes 

Ta =0 to +70°C, Veo = 5 V+ 10%, Vpp = Voc 

Parameter Symbol Min 

Input high voltage Vi 2.0 

Input low voltage ViL —0.3 

Output high voltage VoH1 2.4 
VoH2 Voc — 0.7 

Output low voltage VoL 

Output leakage current lLo 

Input leakage current Ih 

Vpp current Ipp 

Voc current ICCAt 

(active) locag 

Vcc current lccst 

(standby) locse 
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Absolute Maximum Ratings 


Operating temperature, Top 
Storage temperature, Tstg 
Output voltage, Vo 

Input voltage, V| 

Input voltage, Ag 

Supply voltage, Voc 

Supply voltage, Vpp 


—10 to +80°C 
65 to +125°C 
—0.6 to +7 V 
—0.6 to +7 V 
—0.6 to +13.5 V 
—0.6 to +7V 
—0.6 to +13.5 V 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the 
limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended 


periods may affect device reliability. 


Limits 


Capacitance 
Ta = 25°C, f= 1 MHz 
Parameter Symbol Min 
Input Cin 
Capacitance 
Output Court 
Capacitance 
Typ Max 
Vec + 0.3 
0.8 
0.45 
10 
10 
100 
30 
50 
1 
100 


Limits 


Test 
Typ Max Unit Conditions 
4 6 pF Vy, =0V 
8 12 sopF Vo=0V 
Test 
Unit Conditions 
V 
V 
V lon = —400 vA 
V loy = —100 vA 
V lol = 2.1 mA 
uA Vo =0 to Vo, OE = Vin 
HA V; =0 to Voc 
uA Vpp = Voc 
mA CE= Vi, Vi = Vin 
mA f =5 MHz, Ioyt =O mA 
mA CE = Vin 
uA CE = Voc, Vi = 0 to Voc 


NEC 


uPD27C1024 
DC Characteristics (cont) 
Programming Modes 
Ta = 25°C + 58°C, Vog = 6.0 V+.25 V, Vpp = 12.5V+0.3V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input high voltage Vi 2.0 Voc + 0.3 V 
Input low voltage ViL —0.3 0.8 V 
Input leakage current IL 10 HA Vi = Vit or Vin 
Output high voltage VoH 2.4 V lou = —400 vA 
Output low voltage VoL 0.45 V lol = 2.1 mA 
Vpp current Ipp 100 HA CE = PGM = Vi 
Voc current lec 30 mA 
AC Characteristics 
Read and Standby Modes 
Ta = 0 to +70°C, Veg = 5 V £ 10%, Vpp = Voc 
Limits 
uPD2701024-15 uPD2701024-20 uPD2761024-25 Test 

Parameter Symbol Min Max Min Max Min Max Unit Conditions 
Address to output delay tacc 150 200 250 ns CE = 0E = Vi. 
CE to output delay tog 150 200 250 ns OE = Vi 
OE to output delay tog 75 75 100 ns CE= Vit 
OE high to output float tor 0 60 60 85 ns CE = Vi, 

ns CE=0E=Vi, 


ouayt hold from address, CE, _— toy 
or OE, whichever transition 
occurs first 


Note: 


(1) Output load: see figure 1. Input rise and fall times < 20 ns. Input pulse levels: 0.45 V and 2.4 V. Timing measurement reference levels: 


Inputs = 0.8 V and 2.0 V 
Outputs = 0.8 V and 2.0 V 


Programming Modes 
Ta = 25°C + 58°C, Vog = 6.0 V + .25 V, Vpp = 12.5 V 0.3 V 


Parameter Symbol Min 
Address setup time tas 2 
OE setup time toes 2 
Data setup time tos 2 
Address hold time tAH 2 
Data hold time tbH 2 
OE to output float time tor 0 
Vpp setup time typs 2 
Voc setup time tyes 2 
Initial program tpw .095 
pulse width 

Overprogram pulse width topw 0.38 
CE setup time tcEs 2 
OE to output delay tog 


Limits 
Typ 


130 ns 


0.105 ms 


0.42 ms 


150 ns 


Test 
Conditions 


yPD27C1024 


Figure 1. Loading Conditions Test Circuit 


uPD27C1024 
CL = 100 pF 


I 


49-001337A 


Timing Waveforms 


Read Mode 


09-15 


Note: 


[1] OE may be delayed up to tacc-toe after the falling edge of CE for read cycles without 


affecting tacc. 


[2] tor is specified from OE or CE, whichever occurs first. 
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Data Valid 


NEC 


NEC 


Timing Waveforms (cont) 


Programming Mode 


tas 


Data In 
Tt 


OE 


Note: 


uPD27C1024 


tor 


/ Data Out ) 
Valid 


[1] Vcc must be applied before or simultaneously with Vpp and removed after or 


simultaneously with Vpp. 


[2] Vpp must not be greater than +13 V, including overshoot. 


Programming Operation 
Very High-speed Programming Mode 


Begin programming by erasing all data; this places all 
bits in the high level (1) state. Enter data by pro- 
gramming a low level (0) TTL signal into the chosen bit 
location. 


Address the first location and apply valid data at the 16 
output pins. Raise Vcc to +6 V + .25 V; then raise Vpp to 
+12.5V+0.3V. Apply a0.1 ms (+ 5%) program pulse to 
PGM as shown in the programming mode timing 
waveform. The bit is verified and the program/no- 
program decision is made. If the bit is not programmed, 
apply another 0.1 ms pulse to PGM up toa maximum of 
10 times. If the bit is programmed within 10 tries, apply 
an additional overprogram pulse of (0.4 x number of 
tries) ms. If the bit is not programmed in 10 tries, apply 
another pulse of 4 ms. If the bit is not programmed at 
this stage, reject the device as a program failure. If the 
bit is programmed, input the next address and repeat 
the programming procedure until all addresses are 
programmed. 


Programming Inhibit Mode 


Use the programming inhibit mode to program multiple 
uPD27C1024s connected in parallel. All like inputs 
(except CE or PGM, but including OE) may be common. 
Program individual devices by applying a low level (0) 
TTL pulse to the CE input of the uwPD27C1024 to be 
programmed. Applying a high level (1) to the CE or 
PGM input of the other devices prevents them from 
being programmed. 


Program Verify Mode 


Perform verification on the programmed bits to deter- 
mine that the data was correctly programmed. The 
program verification can be performed with CE and OE 
at low levels (0) and PGM ata high level (1). 
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uPD27C1024 


Erasure 


Erase data on the uwPD27C1024 by exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent 
unintentional erasure by ultraviolet rays. 


Data is typically erased by 254 nm ultraviolet rays. A 
lighting level of 15 W-sec/cm?2 (min) is required to 
completely erase written data (ultraviolet ray intensity 
x exposure time). 


An ultraviolet lamp rated at 12,000 uW/cm? takes 
approximately 15 to 20 minutes to complete erasure. 
Place the wPD27C1024 within 2.5 cm of the lamp tubes. 
Remove any filter on the lamp. 
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MASK-PROGRAMMABLE ROMs 10 
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MASK-PROGRAMMABLE ROMs 


Section 10 — Mask-Programmable ROMs 


uUPD2364A 8,192 x 8-Bit Mask-Programmable NMOS ROM 
uUPD2364E 8,192 x 8-Bit Mask-Programmable NMOS ROM 
uUPD23128E 16,384 x 8-Bit Mask-Programmable NUOS ROM 


uUPD23C64E 8,192 x 8-Bit Mask-Programmable CMOS ROM 
uUPD23C128E 16,384 x 8-Bit Mask-Programmable CMOS ROM 
uPD23C256E 32,768 x 8-Bit Mask-Programmable CMOS ROM 
uPD23C 1000 131,072 x 8-Bit Mask-Programmable CMOS ROM 


uPD23C2000 2,097,152-Bit Mask-Programmable CMOS ROM .......... 
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NEC creas 
8,192 x 8-BIT 


: MASK-PROGRAMMABLE 
NEC Electronics Inc. NMOS ROM 
Revision 1 

Description Pin Configuration 


The »PD2364A is a 65,536-bit Read-only Memory utilizing 
NMOS silicon gate technology. The device is static in oper- 
ation, organized as 8,192 words by 8 bits and operates from 
a single +5V + 10% power supply. The »PD2364A has 
three-state outputs. All inputs and outputs are fully TTL- 
compatible. The Output Enable/Chip Enable pin is mask- 
programmable and can be specified by selecting 1, 0 or 
don’t-care data and standby mode. The pPD2364A is 
available in a plastic (uPD2364AC) 24-pin DIP. Pinout is 
compatible with Mostek MK36000® 


® = Registered trademark. 


< 
: 
a 

-§ 


Features 

L] 8,192-word by 8-bit organization 
L] /O TTL-compatible 

_] Three-state outputs 


[) Single +5V + 10% power supply Pin Identification 
[] Mask-programmable OE/CE =a 
L] 24-pin plastic DIP No. Symbol Description 
Ee 1B TET ago hig saersaninpat 
. . Power Supply 9-11 
Device Access Time Ketive Standby 13-17 0-07 Three-state Data Outputs 
»PD2364A 200ns 70mA 15mA * — ee ammable Output 
a a - r utpu 
.PD2364A-1 —150ns 70m A 15mA | vin SEE Enable/Chip Enable ( 
24 Vec +5V + 10% Power Supply 
. Note: © Pin 20 may be mask-programmed as an OE or aCE function. If it is defined as OE, 
Block Diagram it may be specified as active high (1), active low (0), or don't-care (X). If it is defined as 


CE, it will be active low (0) and a high (1) for standby mode. 


0, 0, 0, 0, 0, O, O, 0, 


Output Buffers 


Y-Selector 


Address Input Buffers 


8,192 x8 
Memory Cell 
Matrix 


o 
= 
a 
w 2 
os 
we 
Of 


10-1 


NEC 


»PD2364A 


Absolute Maximum Ratings* AC Characteristics 
SupplyVoltage,Vcc ©O0.5Vto+7V. Ta = 10°C to + 70°C; Vcc = +5V + 10% 

Input Voltage, V, -0.5V to +7V Limits 

Output Voltage, Vo -0.5V to +7V eeeso Reece Test 
ee ee ee ee ee Parameter Symbol Min Max Min Max Unit Conditions 
Operating Temperature, Topr - 10°C to + 70°C 

—.  t4V¥ttM@m re :$_ eas>s>+ $ma9mnanaa|@—_ Access Time _—tacc 200 150 ns 

Storage Temperature, Tstq — 65°C to + 150°C ChipEnable . @ ~~ ~900~~«*450”=COmwsS ee 

* COMMENT: Exposing the device to stresses above Access Time —________tmip= 2008 
those listed in Absolute Maximum Ratings could cause on Tes toe® 10 10010 100 m8 Level: 
permanent damage. The device is not meant to be Output Hold , ; « tae” 
operated under conditions outside the limits described oes Load = 1TTL + 100pF 
in the operational sections of this specification. Expo- Time tor a. = * S & 

sure to absolute maximum rating conditions for Notes: Q OEE . cE 


extended periods may affect device reliability. 


Timing Waveform 


Capacitance 
Ta = —10°C to + 70°C; Vec = +5V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance Cc, 10 pF f = 1MHz 
Output Capacitance Co 15 pF f = 1MHz 
DC Characteristics 
Ta = —10°C to + 70°C; Voc = +5V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High Voltage = Viz +2.0 Veo * oy 
Input Low Voltage Vit -0.5 +0.8 V 
Output High Voltage Vo, +2.4 Vi lon = —400LA 
Output Low Voltage Vor +04 Vo Ig. = +2.1mMA 
Input Leakage bs +10 pA Vi= Vee 


Current High 


Input Leakage 
Current Low LiL 


Output Leakage Vo = Vec (chip 
Current High lLon +10 HA deselected) 
Output Leakage 2. Vo = OV (chip 
Current Low lLow 10 HA deselected) 
loca 7 40 70 mA CE= Vit 
Power Supply Current |..,@ 8 15 mA CE = Vy, 


(standby mode) 
Note: © OE/CE = CE. 


NEC uPD2364E 
8,192 x 8-BIT 

MASK-PROGRAMMABLE 

NEC Electronics Inc. patient 
Revision 2 


Description Pin Configuration 


The 1»PD2364E is a 65,536-bit Read-only Memory utilizing 
NMOS silicon gate technology. The device is static in opera- 
tion, organized as 8,192 words by 8 bits and operates from a 
single + 5V power supply. The device has three-state outputs 
and all inputs and outputs are fully TTL-compatible. The chip 
select pins are mask-programmable and can be specified by 
selecting 1,0, and Don't-care data. Pinout is compatible with 
2764 EPROMs. 


28 LJ Vcc (+5V) 


1 
2 
3 
4 
5 
6 
7 
8 


Features 

CL Allinputs and outputs are fully TTL-compatible 
C1 Three-state outputs for direct bus compatibility 
LC] Single +5V + 5% power supply 

L] Three mask-programmable chip selects (ov) Gn C114 
LC 2 performance ranges: 


Power Supply 


Device Access Time Acti Standb . sae : 
ctive tan Pin Identification 
»w.PD2364E 250ns 80mA 20mA in 
uPD2364E-1 200ns 80mA 20mA a. aol tation 
1 NC _ No Connection. 
-10, 21, 
Block Diagram eee? Agmihes Address Inputs. 
11-18, 0,-O Three-state Data Outputs 
15-19 ot , 
14 GND Ground. 
20 CE Chip Enable. 
22,26-27 OE&1-OE; Mask-programmable Chip Selects. 
Output Buffers 28 Voc Single +5V Power Supply. 


Y-Selector 


Memory 
Cell Matrix 
(32,768 x 8) 
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uPD2364E 


Absolute Maximum Ratings* 


Supply Voltage, Vcc _ 7 -—0.5V to +7V 
Input Voltage, Vi oe _-0.5V to +7V 
Output Voltage, Vo -0.5Vto +7V 


= 10°C to +70°C 


Operating Temperature, Torn a _ 
__— 65°C to + 150°C 


Storage Temperature, Tstc 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance 
T, = —10°C to +70°C 
Limits 
uPD2364E »pPD2364E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions 
Input Capacitance C, : - 10 a _ 10 pF Pt f= 1MHz 
Output = 
Capacitance Co _ Sas _ _ > : ial = ss. 
DC Characteristics 
T, = —10°C to +70°C; Vo, = +5V + 5% 
Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input High Voltage ; Vin +20 7 Vec + 1.0 Vv _ 
Input Low Voltage _ Vin - -0.5 7 +07 a V _ a 
Output High Voltage Vow  —s_- +24 a a VV ton = —400pA 
Output Low Voltage Vo +04 #2 lo. = +2.1mA 
Hy Leakage Current lina +10 7 pA = Vee 
Input Leakage Current _ _ 
Low _ 7 oe ll ; pA —_— oe 
Output Leakage Current Vo =Vcc, chip 
High wow BA esetecte 
Output Leakage Current _ Vo = OV, chip 
Low oe ; isan ha _ om : deselected 7 
Supply Voltage Current - Ices a 4 $80 mA CE = Vit : 
CE = Vin, standby 
Supply Voltage Current = = 7 hai 7 mode 
AC Characteristics 
T, = —10°C to +70°C; Vo, = +5 + 5% 
Limits 
uPD2364E uPD2364E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions® 
Access Time tacc 250 - 200 ns 
Chip Enable 
Access Time tce 250 . ~m 6 
OE; to OE3 
Output On Time toe ; 10 110 10 ; 100 ns 
Output Hold 
Time tox 0 Be ns 
oe ie 0 100 0 90 ns 


Notes: © Input rise and fall times (ta, te): 20ns 
Timing reference levels: Input and Output voltages = 0.8V and 2.0V 
Load = 1 TTL + 100 pF 
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Timing Waveform 


’ Address Valid 


Nee 


Impedance 


Definitions 

Access Time, tacc 

Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 
Output Hold Delay, ton 

Output hold delay is the minimum time after an address 
change that the previous data remains valid. 

Chip Enable Access Time, tce 

The maximum time between application of a valid chip enable 
input and the corresponding valid outputs. 

Output Enable Time, toe 

Output enable time is the maximum delay between chip 
selects becoming true and output data becoming valid. 
Output Disable Time, tor 

Output disable time is the delay between chip selects or chip 
enable becoming false and output stages going to the high 
impedance state. tor is specified as CE or OE, whichever 
comes first. 


Custom Programming Instructions 

Bit pattern submittal options 

The customer's unique bit pattern can be submitted in sev- 
eral convenient methods that are easy for the ROM cus- 
tomer, and readily verifiable for accuracy. The bit pattern can 
be delivered to NEC contained within: 

1. One programmed 2764 EPROM 

2. Two programmed 2732 EPROMs 


Bit pattern verification 


For customer verification of the submitted bit pattern, several 
alternatives are also available. The following are those found 
to be most expeditious. 


Customer Pattern 
Submitted Via Verification Routine 
1. One programmed Customer sends NEC one additional 
2764 EPROM erased 2764. NEC programs the spare 


2764 with the data from the programmed 
2764, and returns it to the customer for 
verification. 


Customer sends NEC two additional 
erased 2732s. NEC programs the spare 
2732s with the data from the programmed 
EPROMs and returns them to the cus- 
tomer for verification. 


2. Two programmed 
2732 EPROMs 


NEC w.PD23128E 
16,384 x 8-BIT 


: MASK-PROGRAMMABLE 
NEC Electronics Inc. sage AOI 
Revision 1 

Description Pin Configuration 


The w~PD23128E is a fully static 131,072-bit Read-only Mem- 
ory, utilizing MOS N-channel silicon gate technology. The 
device is organized as 16,384 words by 8 bits and operates 
from a single + 5V power supply. All inputs and outputs are 
fully TTL-compatible. The device has two programmable out- 
put enables that allow memory expansion without the use of 
external logic. Programming is accomplished during the fabri- 
cation process. Pinout is compatible with 27128 EPROMs. 


1 
2 
3 
4 
5 
6 
7 
8 


Features 

_] Fast access time: 250ns max 

L] Allinputs and outputs fully TTL-compatible 

L] Three-state outputs for direct bus compatibility 

LJ Single +5V + 10% power supply 

(_] Fully static operation 

L] Two programmable output enables for memory expansion 
L] Low-power standby mode 


Pin identification 


Block Diagram Pin 
No. Symbol Function 
1 NC No Connection. 
“ a 7 Ag-Ai3 Address Inputs. 
ge O,-O7 Three-state Data Outputs. 
15-19 
14 GND Ground. 
20 CE Chip Enable. 
22, 27 OE,, OE, . Output Enables. 
28 Vec Single +5V Power Supply. 


” 
o 
= 
3 
a 
” 
ri 
2 
3 


Memory Cell Matrix 
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uPD23128E 


Absolute Maximum Ratings* 


Supply Voltage, Vcc — 7 0.5Vto +7V 
Input Voltage, V, — -0.5Vto +7V 
Output Voltage, Vo -—0.5V to +7V 


Operating Temperature, Tous 
Storage Temperature, Tstc¢ 


—10°C to +70°C 
—65°C to + 150°C 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


DC Characteristics 
Ta = —10°Cto + 70°C; Vec = +5V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High Voltage - Vin - +2.0 : Vee +4 oO Vv - 
Input Low Voltage Vy 705 +0.7 V 
Output High Voltage Von +2.4 oe Viton = —400nA 
Output Low Voltage Vo +04 Vi Igy = +3.2mA 
Input Leakage _ 
High Current lun - ria es = Ves 
Input Leakage 7 = 
Low Current tu a La wm yA ON 
Output Leakage Vo = Vec; Chip 
High Current lLow 7 pA deselected 
Output Leakage _ Vo = OV, Chip 
Low Current | Lou ” said deselected 
lees 50 90 mA CE=Wy, 

Power Supply Current a CE = Vu, 

7 es 7 is : a5 mak Standby mode 
AC Characteristics 
T, = —10°C to + 70°C; Vo, = +5V + 10% 

Limits 

Parameter Symbol Min Typ Max Unit Test Conditions 
Address to Output 
Access Time tacc 250 ns oe 
Chip Enable Access 
Time tce 250 ns 
Output Enable Access 
Time a toe 10 100 ns a 
Output Hold Time ton 0 ns 
Output Disable Time tor 0 100 ns 
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Timing Waveform 


Definitions 

Access Time, tacc 

Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 

Chip Enable Access Time, tce 

The minimum time between application of a valid chip enable 
input and the corresponding valid outputs. 

Output Enable Access Time, toe 

The minimum time between application of valid output enable 
inputs and the corresponding valid outputs. 

Output Hold Time, ton 

Output hold time is the minimum time after an address 
change that the previous data remains valid. 

Output Disable Time, tor 


Output disable time is the delay between chip selects becom- 
ing false and output stages going to the high impedance state. 


NEC 


NEC Electronics Inc. 


Description 

The w»PD23C64E is a 65,536-bit Read-only Memory util- 
izing CMOS silicon gate technology. The device is static 

in operation, organized as 8,192 words by 8 bits andhas 
three-state outputs. All inputs and outputs are fully TTL- 
compatible. The output enable pins are mask-programmable 
and can be specified by selecting 1, 0, or don’t-care data 
(see Table 1). The »PD23C64E is packaged in a plastic 
(wPD23C64EC) 28-pin DIP. Pinout is compatible with 
wPD2764 EPROMs. 


Features 

L] 8,192-word x 8-bit organization 

LJ 1/0 TTL-compatible 

_] Three-state outputs 

L] Single +2.5V to + 6.0V power supply 

[] CMOS process technology 

_] Fully static operation 

L] Pinout compatible with »~PD2764 EPROMs 
LJ Plastic 28-pin DIP available 

L] 2 performance ranges: 


Power Supply 


. Ti 
Device Access Time qcilve Standby 
uPD23C64E 200ns 25mA 30LA 
».PD23C64E-1 150ns 30mA 30nA 


Block Diagram 


Output Buffers 


Y-Selector 


” 
os 
o 
= 
3 
a) 
n 
n 
2 
a] 
5] 
4 


Memory 
Cell Matrix 
(8192 x 8) 


»PD23C64E 

8,192 x 8-BIT 
MASK-PROGRAMMABLE 
CMOS ROM 


Revision 1 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 


(OV)GND [] 14 


Pin Identification 


Pin 
No. Symbol Description 
1 NC No Connection 
2-10, 21, > 
23-25 Ao-Ai2 Address Inputs 
11-13, 
15-19 Oo-07 Data Outputs 
14 GND Ground 
20 CE Chip Enable 
22,26-27 OE,-OE, Output Enables © 
28 Vec Single +2.5V to +6.0V power supply 


Note: © The active levels of OE,, OE, and OE, input can be specified by the values given in 
Table 1. 


Table 1. OE,—OE; Active Level Specifications 


OE, OE, OE, 
0 0 0 
1 0 0 
0 1 0 
1 1 0 
0 0 1 
1 0 1 
0 1 1 
1 1 1 
x X X 


Note: © X = Don't-care. 
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uPD23C64E 


EK 


Absolute Maximum Ratings* 


Supply Voltage, Vcc 

Input Voltage, V, 

Output Voltage, Vo _ 
Operating Temperature, Topp | 
Storage Temperature, Tstc 


— -0.3Vto +7V 
~0.3V to Voc +0.3V 
—0.3V to Vcc + 0.3V 

10°C to +70°C 


_ — 65°C to + 150°C 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance 
Ta = —10°C to + 70°C; Vec = +2.5V to 6.0V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance C, 10 pF f = 1MHz 
Output Capacitance Co 15 pF f = 1MHz 
DC Characteristics 
Ta = —10°C to + 70°C; Vcc = +5.0V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High Vec 
Voltage Vin mt +0.3 
Input Low _ 
voltace Vit 0.3 08 Vv 
Output High 
Voltage ay Wy 2.4 Vlog = —400nA 
Output Low 
vattage Vou 0.4 Vio = +3.2mA 
Input Leakage = 
Current High 't'# 1” pe = Mee 
Input Leakage 2 a 
Current Low tit mn wa = OV 
Output V.=V 
O~ Ycc 
caren ea Low Ls wh (chip deselected) 
Output 
_ Vo = 0V 
eee - Lou a0 aia (chip deselected) 
13 25 mA 23C64E 
— tat ey Me ik 
16 30 mA 23C64E-1 
Power Supply _—<— SS 
Current lec 0.2 15 mA CE=V,, (standby mode) 
— 0.2 30 pa CE=Vcc -0.2V 


(standby mode) 
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DC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Voc = +2.5V + 6.0V 


Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High Vv 0.7 Vec Vv 
Voltage i X Voc + 0.3 
Input Low a 0.18 
Voltage Vn on x Voc i 
Output High 0.75 
Voltage Vou x Voc ¥ te = “400A 
Output Low - 
Voltage Vor 0.45 V lop = +400nA 
Input 
Leakage low 10 yA V, = Vec 
Current High 
Input 
Leakage do -10 pA Vv, = 0V 
Current Low 
Output Ys ae Wee 
Leakage lLon 10 pA ,O- 
Current High (chip deselected) 
Output 
Vo = OV 
Leakage lot -10 pA ,o 
Current Low (chip deselected) 
3 10 MA Vcc =+3.0V+10% 
23C64E 
lege 7 18 mA Vec = +5.0V+10% 
3.5 10 MA Vec = +3.0V+ 10% osceae:1 
Power Supply 8 20 mA Vcc = +5.0V+ 10% / 
Current 
0.1 30 pA Voc =+3.0V#10% CE =Vec 
lees -0.2V 
(standb 
0.2 30 pA Voc = +5.0V+10% wise 


AC Characteristics 
Ta = —10°C to + 70°C; Vo, = +5.0V + 10% 


Limits 
23C64E 23C64E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions® 
Access Time tacc 200 150 ns 
Chip Enable 
Feat Time tce ane i ns 
Output Enable 
Aehade Tene tog 10 100 10 100 ns 
Output 
Hold Time ‘oH ° a 
Outpait os 0 90 0 90 ns 


Disable Time 


Note: © Input voltage, tg, t- = 20ns; 
Input and output timing reference levels = 0.8V and 2.0V; 
Load = 1 TTL + 100pF. 


AC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Vcc = +2.5V to +6.0V 


Limits 

23C64E 23C64E-1 Test 
Parameter Symbol Min Typ Max Min Typ Max Unit Conditions© 
SD 
Access Time tacc 600 450 ons 
Chip Enable 
Access Time ‘cE 606 “50 ons 
Output Enable 
Access Time ‘OE 300 300 ons 
Output 
Hold Time ‘OH ° if ns 
Ouipat tor 0 250 0 250 ns 


Disable Time 


Note: © Input and output voltage timing reference levels - 0.18V¢¢ and0.7V¢<_ ; 
Load = 150pF. 


NEC 


Timing Waveform 


‘ Address Valid ; 


High Impedance 


Mete: ©) og is specified trom or whichever occurs first 


uPD23C64E 


Definitions 
Access Time, tacc 


Access time is the maximum time between the application of 
a valid address and the corresponding valid data out. 


Chip Enable Access Time, tce 

The minimum time between application of a valid chip enable 
input and the corresponding valid outputs. 

Output Enable Access Time, toe 

The minimum time between application of a valid output 
enable input and the corresponding valid outputs. 

Output Hold Delay, tox 

Output hold delay is the minimum time after an address 
change that the previous data remains valid. 

Output Disable Time, tor 


Output disable time is the delay between chip selects 
becoming false and output stages going to the high 
impedance state. 
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uPD23C64E NEC 
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»PD23C128E 


NEC 16,384 x 8-BIT 
; MASK-PROGRAMMABLE 
NEC Electronics Inc. CMOS ROM 
Revision 1 

Description Pin Configuration 


The w»PD23C128E is a 131,072-bit Read-only Memory 
utilizing CMOS silicon gate technology. The device is 
static in operation, organized as 16,384 words by 8 bits, 
and has three-state outputs. All inputs and outputs are 
fully TTL-compatible. The output enable pins are mask- 
programmable and can be specified by selecting 1, 0, or 
Don't-care data (see Table 1). The »~PD23C128E is pack- 
aged in a plastic (uPD23C128EC) 28-pin DIP. Pinout is 
compatible with »~PD27128 EPROMs. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


»PD23C128E 


Features 

LJ 16,384-word x 8-bit organization 

CL] /O TTL-compatible 

_] Three-state outputs 

[] Single +2.5V to + 6.0V power supply 
(] Plastic 28-pin DIP 

(] 2 performance ranges: 


Pin Identification 


Power Supply 


Device Access Tine OCU Pin 
Active Standby No. Symbol Description 
uw PD23C128E 200ns 25mA 30nA 4 NC a __No Connection 
»PD23C1 28E-1 150ns 30mA 30uA i, BA 8A Ao-Ay3 Address Inputs 
ae OQ )-07 Data Outputs 
ee ND ound 
20 CE 7 ChipEnable 
22,27 OE, OE, © ——s«SOutputEnables 

28 Vop +2.5V to +6.0V Power Supply 


Note: © Active level inputs are specified in Table 1. 


Table 1. OE Input Active Level 


8 Specifications 
& OE, OE, 
> 
0 0 
¢ 1 0 
= 0 1 
[ee] 
5 1 ) 
2 7 
= x x 
2 Note: x = Don'tcare. 
5 
= 5 Cell 
Matri c . ‘ . 
: ne caa BI Absolute Maximum Ratings 
x Operating Temperature, Topr —10°C to + 70°C 
Storage Temperature, Tstcg — 65°C to + 150°C 
Supply Voltage, Vop -0.3Vto +7V 
input Voltage, V, —0.3V to Vpp +0.3V 
Output Voltage, Vo —0.3V to Vpp +0.3V 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


10-11 


»PD23C128E 


Capacitance 
Ta = —10°C to + 70°C; Voc = +2.5V to +6.0V 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance C, 10 pF f = 1MHz 
Output Capacitance Co 15 pF f = 1MHz 
DC Characteristics 
Ta = —10°C to + 70°C; Von = +5.0V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High 
Voltage Vin 2.2 Vpp + 0.3 
Input Low = 
Voltage Vit 0.3 08 = =6V 
Output High one 
Voltage Von 2.4 Villon = —400LA 
Output Low 
Voltage Vor 04 \V Iq = +3.2mA 
Input Leakage _ 
Current High tim 10 HA Vi = Voo 
Input Leakage _ = 
Current Low fhe 10 pA V, = Ov 
Output Leakage | 10 " 
LOH LA Vo = Vop (Chip deselected) 


Current High 
Output Leakage 


-10 uA Vo = OV (Chip deselected) 


Current Low ILou 
13 25 ma — »PD23C128E 
lpp1 a= —__—_ 
Power Suppl — Li 30, mA uPD23C128E-1 
Current lpo2_ 0.2 1.5 mA CE=Vy (Standby mode) 


idk CE = Vop — 0.2V 
(Standby mode) 


Ta = —10°C to + 70°C; Von = +2.5V to +6.0V 


Limits 


hh Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High 0.7 
Voltage Vin x Vop Vpp + 0.3 V 
Input Low " 0.18 
Voltage Vin 0.3 x Vop 
Output High 0.75 _ 
Voltage Vou x Vop Vloy = —400LA 
Output Low 
Voltage VoL 0.45 Vo Ig. = +400nA 
Input 
Leakage low 10 pA Vv, = Vop 
Current High 
Input 
Leakage to -10 pA V, = 0V 
Current Low 
Output 
Leakage lLou 10 nA Vo = Vpp (Chip deselected) 
Current High 
Output 
Leakage lLot -10 pA Vo = OV (Chip deselected) 
Current Low 
3 10 MA Vpp= +3.0V+ 10% 
- — »PD23C128E 

' v4 18 MA Vpp= +5.0V+10% 
Power sia 3.5 10 MA Vpop= +3.0+ 10% 
Supply SSS — »PD23C128E-1 
Current 7 8 20 MA Vpp= +5.0V+10% — 

loos 0.1 30 = pA Vpp= +3.0V+ 10% CE = Vpp — 0.2V 

0.2 30 = pA Vpp= +5.0V+10% (Standby mode) 
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AC Characteristics 
Ta=—10°C to + 70°C; Vop= + 5.0V+10% 


Limits . 
est 
23C128E 23C128E-1 Gonaitions 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Access Time tacc 200 150 ns 
Chip Enable 
Access Time ‘CE sini 1 ne 
OE,, OE, 
Output toe 10 100 10 100 3ns 
On Time 
Output 
Hold Time ‘ox ° ° me 
Output 
Disable Time ‘OF ° ied 6S 
Note: © Input voltage, tg, te = 20ns; 
Input and output timing reference levels = 0.8V and 2.0V; 
Output load = 1 TTL + 100pF. 
AC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Vop = +2.5V to +6.0V 
Limits 
Test 
23C128E 23C128E-1 Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Access Time tacc 600 450 ns 
Chip Enable 
Access Time ‘CE a0 450 ns 
OE,, OE, 
Output toe 300 300 =ons 
On Time 
Output 
Hold Time ton 0 0 i 
Output 0 250 0 250 ns 


Disable Time tor 


Note: © Input and output timing reference levels = 0.18Vpp and 0.7Vpp; 
Output load = 150pF. 


Timing Waveform 


Data Valid 


Note: © tp, is specified from OE or CE whichever occurs first. 


NEC uPD23C256E 
32,768 x 8-BIT 


: MASK-PROGRAMMABLE 
WEC Electronics Inc. ane Roi 
Revision 1 

Description Pin Configuration 


The w»PD23C256E is a 262,144-bit Read-only Memory 
utilizing CMOS silicon gate technology. The device is 
static in operation, organized as 32,768 words by 8 bits, 
and has three-state outputs. All inputs and outputs are 
fully TTL-compatible. The Output Enable pin is mask- 
programmable and can be specified by selecting 1, 0, or 
don’t-care data. The »PD23C256E is packaged in a 28- 
pin plastic (uPD23C256EC) DIP and a 28-pin miniflat 
package (uPD23C256EG). Pinout is compatible with 
wPD27256 EPROMs. 


1 
2 
3 
4 
5 
6 
7 
8 


».PD23C256E 


Features 

L] 32,768-word by 8-bit organization 

L] /O TTL-compatible 

(J Three-state output 

LJ Single +2.5V to + 6.0V power supply 

(J Available in plastic DIP and miniflat packages 
[] Low power consumption 


Pin identification 


— Active: 40mA max Pin 
-_ Standby: 30A max No. Symbol Description 
CL] 2 performance ranges: 1 NC No Connection 
a Sowae dunct é. 03-47 Ao-Ars Address Inputs 
Access Time ower erry __ 
Ravics Active _Standb \ectg 00-0 Data Outputs 
uPD23C256E 200ns 25mA 30nA rr anp around 
»PD23C256E-1 150ns 30mA 30nA 20 CE Chip Enable 
22 OE Output Enable © 
. 28 Voc Single +2.5V to +6.0V Power Supply 
Block Diagram Note: © The active level of the OE input is specified by 0, 1, or x where x equals 


don't-care data. 


7) 
Le 
o 
= 
= 
a 
a 
ov 
2 
ao] 
ao] 
<q 


Memory 
Cell Matrix 
(32,768 x 8) 
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»PD23C256E 


Absolute Maximum Ratings* 


-0.3V to +7V 
-—0.3V toVec +0.3V 
-0.3V to Vec +0.3V 

— 10°C to +70°C 
— 65°C to + 150°C 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Supply Voltage, Vcc 

Input Voltage, V, 

Output Voltage, Vo 
Operating Temperature, Topr 
Storage Temperature, Tstc¢ 


Capacitance 
Ta = —10°C to + 70°C 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input Capacitance C, 10 pF f = 1MHz 
Output Capacitance Co 15 pF f = 1MHz 
DC Characteristics 
Ta = —10°C to + 70°C; Vcc = +5.0V + 10% 
Limits Test 
Parameter Symbol Min Typ Max Unit Conditions 
Input High 
Voltage Ve 2.2 Veco +0.3 V 
Input Low _ 
Voltage Vit 0.3 08 Vv 
Output High a 
Voltage Vou 2.4 Vo sloy = —400LA 
Output Low _ 
Voltage Vor 04 V Ig. = +3.2mA 
Input Leakage _ 
Current High Iw 18 pA Y= Vee 
Input Leakage _ = 
Current Low tit 10 eA ¥, = OV 
Output Leakage _ : 
Current High lLon 10 tA Vo = Vcc (Chip deselected) 
Output Leakage . _ = 
Curent Low lho 10 nA Vo = OV (Chip deselected) 
14 25 mA — »PD23C256E 
lees CE =, 
17 30 mA »PD23C256E-1 
Power Supply = 
Current lec2 0.2 1.5 mA CE=Vy (Standby mode) 
-_ 0.2 30 pA CE = Vcc ~ 0.2¥ 


(Standby mode) 
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DC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Vo, = +2.5V to +6.0V 


Limits 
Parameter Symbol Min Typ Max Unit Test Conditions 
Input High Vv 0.7 x Vec Vv 
Voltage iW Vec +0.3V 
Input Low Vv -0.3 0.55 Voc = 2.5V to 4.5V 
Voltage i. -0.3 0.8 Voc = 4.5V to 6.0V 
Output High 0.75 ae 
Voltage Von Voc Vv lou = 400uA 
Output Low = 
Voltage VoL 0.45 V lot = + 400A 
Input 
Leakage lo 10 nA V; = Vec 
Current High 
Input 
Leakage lo —10 pA V; = 0V 
Current Low 
Output 
Leakage lLon 10 HA Vo = Voc (Chip deselected) 
Current High 
Output 
Leakage lLo -10 pA Vo = OV (Chip deselected) 
Current Low 
3 10 mA Vcc = +3.0V+ 10% 
»PD23C256E 
6 18 MA Vcc = + 5.0V+ 10% 
Power 3.5 10 MA Vcc = +3.0V+ 10% 
Supply cc1 = - . »pPD23C256E-1 
Current T 20 mA Vcc = +5.0V+10% 
have 0.1 30) BA Veg = +3.0V+ 10% CE = Vpp-0.2V 
0.2 30 pA Voc = +5.0V+10% (Standby mode) 


AC Characteristics 
Ta = —10°C to + 70°C; Voc = +5.0V+10% 


Limits 
Test 
23C256E 23C256E-1 Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Access Time tacc 200 150 ns 
Chip Enable 
Access Time ‘CE 2m) ie. at 
Output Enable 
Acress Tine tog 10 100 10 100 ns 
Output 
Hold Time ton ° ° ae 
Output 
Disable Time '0F o mo 68 os @ 
Notes: © Input voltage, ta, te = 20ns; 
Input and output timing reference levels = 0.8V and 2.0V; 
Load = 1TTL + 100pF. 
® tp is specified from CE or OE, whichever occurs first. 
AC Characteristics (Cont.) 
Ta = —10°C to + 70°C; Voc = +2.5V to +6.0V 
Limits 
Test 
23C256E 23C256E-1 Conditions 
Parameter Symbol Min Typ Max Min Typ Max Unit 
Access Time tacc 650 500 ns 
Chip Enable 
Access Time ‘CE ane =o Me 
Output Enable 
Access Time ‘OE sain igs 
Output 
Hold Time ‘OH ° ° oe 
Output 
Disable Time ‘OF 0 250 0 250 ns 2) 


Notes: © Input and output timing reference levels = Vj), and Vj); 
Load = 150pF. __ 
tog is specified from CE or OE, whichever occurs first. 


NEC 


Timing Waveform 


Note: © tor is specified from OE orCE, whichever occurs first. 


»PD23C256E 


Definitions 

Access Time, tacc 

Access time is the maximum time between the application 
of a valid address and the corresponding valid data out. 
Chip Enable Access Time, t.- 

The maximum time between application of a valid chip 
enable input and the corresponding valid outputs. 
Output Enable Access Time, to; 

The maximum time between application of a valid output 
enable input and the corresponding valid outputs. 
Output Hold Time, to,, 

Output hold time is the minimum time after an address 
change that the previous data remains valid. 

Output Disable Time, tp- 


Output disable time is the delay between chip selects 
becoming false and output stages going to the high-im- 
pedance state. th, is specified from CE or OE, whichever 
occurs first. 
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NEC uPD23C1000 
131,072 x 8-BIT 

NEC Electronics Inc. MASK-PROGRAMMABLE 
CMOS ROM 


Description Pin Configuration 


The wPD23C1000 is a 1,048,576-bit ROM utilizing 
CMOS silicon gate technology. The device is static in 
operation and organized as 131,072 words by 8 bits. 
The device has three-state outputs and all inputs and 
outputs are fully TTL-compatible. The wPD23C1000 is 
available in a plastic (uPD23C1000C) 28-pin DIP. 


2 
3 
4 
5 
6 
-_ 
8 (=) 
9 % 


Features 


CL) 131,072 words by 8-bit organization 
CL) Fast access time 

L) TTL-compatible inputs and outputs 
L) Three-state outputs 


LI Single +5 V power supply 83.001973A 
L) CMOS process technology 
U Fully static operation . Pin Identification 
L] Low power dissipation: 220 mW (active) oo 

550 pW (stan dby) No. Symbol Function 

1-10, 21-27 Ao-Ai6 Address inputs 
Performance Ranges 11-13, 15-19 09-07 Data outputs 
eraeus Vida Power Supply (Max) 14 GND Ground 

Device (Max) Active Standby 20 CE Chip enable 
uPD23C1000C-1 200 ns 40 mA 100 wA 28 Voc +5 V power supply 
uPD23C1000C 250 ns 40 mA 100 uA 


Block Diagram 
Absolute Maximum Ratings 


ee Oo 01 O2 03 04 O5 060 
Supply voltage, Voc —0.3to +7V 0 O1 O2 03 04 Os O¢ 07 


Input voltage, V, —0.3 V to Veg + 0.3 V a 
Output voltage, Vo —0.3 V to Veg + 0.3 V Pils RERE 
SS eee ® 
Operating temperature, Topr —10 to +70°C z : one 
bet se thaenaih. Air one eeebenarsealel bs, LIER ers 0 ee ee ee a LN & 
Storage temperature, Tstg —65 to +150°C - 
Comment: Exposing the device to stresses above those listed in g & 
Absolute Maximum Ratings could cause permanent damage. The = | 
device is not meant to be operated under conditions outside the = nN 
limits described in the operational sections of this specification. = gl 
Exposure to absolute maximum rating conditions for extended mA PT 5 
periods may affect device reliability. : A 8 Mesncay Sel aati 
® x 
(=) 
x 
Capacitance - 
Ta = 25°C x 
Limits Test ~ 
Parameter Symbol Min Typ Max Units Conditions 
Input capacitance (C, 10 pF f= 1 MHz 83.0019714 
Output capacitance Co 15 pF f= 1 MHz 
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uPD23C1000 N. E Cc 


DC Characteristics AC Characteristics (Note 1) 
Ta = —10°C to +70°C, Voc = +5.0 V + 10% Ta = —10°C to +70°C, Voc = +5.0 V 410% 
Limits Test uPD23C1000-1 ,PD23C1000 

Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Max Min Max _ Unit 
Input high Vin 2.2 Voc V Address access time tacc 200 200 ~=ons 
voltage OS Chip enable te 200 250 ns 
Input low ViL —0.3 08 V access time 
Ee een Output hold time ton 0 0 ns 
Outputhigh = VoH 2.4 ¥ Ton =—400 xa Output disable time tpg 0 6 O 60 ns 
voltage ieee ececeleteeenin carla scresin Ht eeu ncune endpoint end peetiomeslscoomeiana omens 
Output low VoL 04 V Ip, =+3.2mA Note: 
voltage (1) AC test conditions: Input voltage rise and fall times = 20 ns; 

_ timing reference levels: inputs and outputs = 0.8 V and 2.0 V; 
ante IIH ye ae output load = 1 TTL + 100 pF 
Input leakage lL —10 pA V;=0V Timing Waveform 
Current low 
Output leakage Igy 10 wA Vo=Vec, 
Current high Chip deselected 
Output leakage = Ii. —10 pA Vgo=0V, 
Current low Chip deselected 
Power supply —Iccy 40 mA CE=Vi, 
current 
Power supply —Icco 1.5 mA CE=Vun, 
Current Standby mode 
Power supply _—Icecg 100 pA CE=Vcc—0.2V, : LLL) 
current Standby mode i AAS 


83-002697B 
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NEC uPD23C2000 
2,097,152-BIT 

NEC Electronics Inc. MASK-PROGRAMMABLE 
CMOS ROM 


Description Pin Configuration 


The wPD23C2000 is a 2,097,152-bit ROM utilizing 
CMOS silicon gate technology. The device is static in 
operation and the organization is mask-programmable 
(word mode: 131,072 words by 16 bits; or byte mode: 
262,144 words by 8 bits). The device has three-state 
outputs and all inputs and outputs are fully TTL- 
compatible. The Output Enable pin is mask-program- 
mable and can be specified by selecting “1”, “O” and 
“Don’t Care” data. The wPD23C2000 is available in a 
plastic (uPD23C2000C) 40-pin DIP. 


oon oOo &F& WH = 


: 
Oo 
a 
a 
x 


Features 


L] Programmable word organization 
131,072 words by 16 bits (Word mode) 
262,144 words by 8 bits (Byte mode) 

L) Fast access time: 250 ns 

L) TTL-compatible inputs and outputs 

LI Three-state outputs 83.001070A 

L) Single +5 V power supply 

L} CMOS process technology 

L) Fully static operation 


Pin identification 


O Low power dissipation: 220 mW (active) No. Symbol Function 
550 uW (standby) 1,31 NC No connection 
2-9, 32-40 Ag-Ai6 Address inputs 
Performance Range rr cE Chip enable 
Access Time Power Supply (Max) 11, 30 GND Ground 
Device = =—=S=s—s(Max)~———sActive =—F—s Standby) =— 42 OE Output enable 
wPD2sC2000 Ns MAA 18-20, 22-28 09-014 Outputs 
21 Vcc +5 V power supply 
Absolute Maximum Ratings 29 045/A. Output 15 (word mode)/LSB 
Supply voltage, Vcc —0.3V to+/7V address (byte mode) 
Input voltage, V| —0.3 V to Veg +0.3 V 
Output voltage, Vo 03VtoVec +03V Capacitance 
Operating temperature, Topp —10°C to +70°C Limits — 
Storage temperature, TsTg —65°C to +150°C Parameter Symbol Min Typ Max Unit Conditions 
Input C 10 pF f= 1 MHz 


Comment: Exposing the device to stresses above those listed in 
Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the Output Co 15 pF f= 1MHz 
limits described in the operational sections of this specification. Capacitance 

Exposure to absolute maximum rating conditions for extended 

periods may affect device reliability. 


Capacitance 
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uPD23C2000 NEC 


Block Diagram 


Oo Og 01 Og O2 O19 03 044 04 O42 O5 043 OG 014 O7 O45 


Output Buffer 


Y-Selector 


Buffer/ Logic 


Memory Cell 
Matrix 
262144 x 8 
131072 x 16 


- 
© 
2 
= 
3 
i+) 
~- 
3 
a 
= 
n 
” 
@ 
— 
3 


Input Buffer 


DC Characteristics AC Characteristics (Note 1) 
Ta = —10°C to +70°C, Voc = +5.0 V + 10% Ta = —10°C to +70°C, Voc = +5.0 V + 10% 
Limits Limits 
saiaigneeaeieaaeeaeceambaiaeisie Test 
Parameter Symbol Min Typ Max Unit Conditions Parameter Symbol Min Typ Max Unit 
Input high Vin 2.2 Veo =O Address access time tacc 200 ons 
voltage Biba Chip enable access time {cE 250 ns 
Input low Vib 0.3 08 Vv Output enable access time —_—tog 10 110 ns 
voltage eis eae ace ee 
Pann. ae See on mn ae Ue t hold time t 0 
Outputhigh Voy 2.4 Vo foy = —400 ah Sel |: an nn 
voltage Output disable time tor 0 70 ns 
Output low Vou 04 V Ip, =+3.2 mA Note: 
voleage (1) AC test conditions: Input voltage rise and fall times = 20 ns; 
Input leakage ILIH 10 wA Vi=Voc timing reference levels: inputs and outputs = 0.8 V and 2.0 V; 
Current high output load = 1 TTL + 100 pF 
Inputleakage Nyy. —10 wA Vj=0V 
current low 
Output leakage Igy 10 yA Vo=Vec 
Current high Chip deselected 
Output leakage |Log, —10 wA Vo=O0V, 
current low Chip deselected 
Power supply _—Iecy 40 mA CE=Vi, 
Current 
Power supply _—Icco 15 mA CE=Viy, 
current Standby mode 
Power supply ICC3 100 pA CE=Vcc - 
current 0.2 V, Standby 
mode 
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Timing Waveform 


_m™ 


—————$— {Ce 


= tce ——_+ 'DF(t) j= 


— 
=—toE—> 


NAN: 


Oo-07 LLLi Data Valid "4, y 


Og-045 High Impedance \\\S 


Note 
(1) tpg is specified from OE or CE, whichever occurs first. 


83-001972A 
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BIPOLAR TTL PROMs 1 
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BIPOLAR TTL PROMs 


Section 11 — Bipolar TTL PROMs 


UPB426 1,024 x 4-Bit Bipolar TTL PROM 
UPB429 2,048 x 8-Bit Bipolar TTL PROM 


NEC 


NEC Electronics Inc. 


Description 

The »PB426 is a high-speed, electrically programmable, 
fully decoded 4096-bit TTL read-only memory . On-chip 
address decoding, two chip-select inputs and three-state 
outputs allow easy expansion of memory capacity. The 
.PB426 is fabricated with logic level zero (low); logic level 
One (high) can be electrically programmed into the selected 
bit locations. The same address inputs are used for both 
programming and reading. 


Features 

L] A.I.M. (Avalanche Induced Migration), Shorted-junction 
technology 

L] +10% Voc Operation 

L] Two Chip Select inputs for memory expansion 

L] Three-state outputs (u~PB426) 

L] Cerdip and plastic 18-lead dual in-line packages 

_] Fast programming time: 200 ys/bit typ. 

L] Compatible with: HM-7643, 82S137 types and 
equivalent devices 

C1 4 performance ranges: 


Device Address Access Time Power Supply 
»PB426 70ns 150mA 
».PB426-1 60ns 150mA 
».PB426-2 50ns 150mA 
».PB426-3 35ns 150mA | 


Block Diagram 


4096-bit 
(64 x 64) 
Memory Cells 


Array 


Word Decoder 


Address Buffer 


uPB426 
1,024 x 4-BIT 
BIPOLAR TTL PROM 


Revision 1 


Pin Configuration 


Address Inputs 


___AorAs — a : 
04-04 _ 7 _ Data Outputs 
CSCS. Chip Select s 
Mee Power (+5V) 
GND Gouna 
Operation 


Programming 

A logic one can be permanently programmed into a 
selected bit location by using a programmer. First, the 
desired word is selected by the ten address inputs in 
TTL levels. Either or both of the two chip select inputs 
must be at a logic one (high). Secondly, a train of high- 
current programming pulses is applied to the desired 
output. After the sensed voltage indicates that the 
selected bit is in the logic one state, an additional 
pulse train is applied, then stopped. 


Reading 

To read the memory, both of the two chip select inputs 
should be held at logic zero (low). The outputs then corre- 
spond to the data programmed in the selected words. 
When either or both of the two chip select inputs are at 
logic one (high), all the ouputs will be floating. 


uPB426 


Absolute Maximum Ratings* 
— 25°C to + 75°C 
— 65°C to + 150°C 


Operating Temperature 


Storage Temperature 


All Output Voltages —0.5 to +5.5 Volts 


All Input Voltages —0.5 to +5.5 Volts 


—0.5to +7.0 Volts 
50mA 


Supply Voltage Vcc 


Output Currents 


“COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma- 
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera- 
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


Capacitance 

Ta = 25°C, f = 1 MHz, Vec = 5.0V, Vin = 2.5V 

Characteristics Symbol Min. Max. Unit 
Input Capacitance Cw 8 pF 
Output Capacitance = Cor 4910 £pF |. 


DC Characteristics 
Ta = O°C to + 75°C, Voc = 4.50V to 5.50V 


Limits 


Parameter Symbol “Min. Typ. Max. Unit Test Conditions 
Input High Voltage Vin 2.0 Vv 
Input Low Voltage 7 Vi en sn ae : 
Input High Current ki : 40 pA V, = 5.5V, Voc = 5.5V 
Input Low Current ae i 0.5 mA. V, = 0.4V, Veg = 5.5V 
Output Low Voltage Vo. 0.45 V Io, = 16MA, Voc = 4.5V 
Output Leakage Current loer1 40 pA Vo = 5.5V, Voc = 5.5V 
Output Leakage Current —loge. 40 A Vo = 0.4V, Voge = 5.5V 
Input Clamp Voltage Na - 1.2 Vl = —18MA, Veg = 4.5V 
Power Supply Current lec 100 150 mA ee cay rounded, 
Output High Voltage Von 2.4 V low = —2.4mA 
a Circuit -" 15 60 mA V, = 0V 


AC Characteristics 
Ta = O°Cto + 75°C, Vec = 4.50V to 5.50V 
Symbol .PB426-3 .PB426-2 .PB426-1 .PB426 ynit 


Parameter Test 
Min. Max. Min. Max. Min. Max. Min. Max. Conditions 

Address 

Access Time tan 35 50 60 70 ~=ns 

Chip Select 

Access Time tacs 25 30 40 45 ns DOO®@ 

Chip Select 

Disable Time tocs 25 30 40 45 ns 

Notes: © Output Load: See Figure 1. 


®™) © 


Input Waveform: 0.0V for low level and 3.0V for high level, less than 
10ns for both rise and fall times. 

Measurement References: 1.5V for both inputs and outputs. 

C, in Figure 1 includes jig and probe stray capacitances. 


© & 


NEC 


Figure 1. Loading Conditions Test Circuit 


Programming Specification 

You must rigorously observe this specification in order to 
program the NEC Bipolar PROMS correctly. NEC will not 
accept responsibility for any device found to be defective if 
it was not programmed according to this specification. 


A typical programming operation is performed by sensing, 
programming, and sensing again to find out if the word 

to be programmed has reached the desired state. Either 
or both of the two chip enable inputs must be at a logic 
one (high). 


Sensing is accomplished by forcing a 20 mA current into 
the selected location via the output. The sense measure- 
ment ensures that the voltage required to force this 20 mA 
current is less than the reference voltage. If this condition 
is satisfied, then that bit location is in the logic one 

(high) state. 

Programming is accomplished by forcing a 200 mA current 
into the selected bit via the output. The current pulse is 
applied for 7.5 ws and then the location is sensed before a 
second programming current pulse is applied. This process 
continues until the selected bit is altered to the one state. 
You can tell that a bit is programmed when two successive 
sense readings, 10 ys apart with no intervening program- 
ming pulse, pass the limit. When this condition has been 
met, four additional pulses are applied, and the sense 
current is terminated. 


Characteristic Limit Unit Notes 

Ambient Temperature 25 +5 °C 

Programming pulse 

Amplitude 200 + 5% mA 

Clamp voltage 28 + 0% — 2% Vv 

Ramp rate (both in rise 

and in fall) 70 max. V/us 

Pulse width 7.5 + 5% ve) 15V point/ 
1500 load. 

Duty cycle 70% min. 

Sense current 

Amplitude 20 + 0.5 mA 

Clamp voltage 28 + 0% — 2% Vv 

Ramp rate 70 max. V/us 15V point/ 
1501) load. 

Sense current interruption before 

and after address change 10 min. us 

Programming Vcc 5.0 + 5% — 0% V 

Maximum sensed voltage 

for programmed one 7.0 + 0.1 Vv 

Delay from trailing edge of 

programming pulse before 

sensing output voltage 0.7 min. Ls 


uPB426 


Figure 2. Typical Output Voltage Waveform 


ie er hail Pulse Train 


_-- 28V Clamp 


=... --200 mA Program Pulse 
— ----100 mA Point 
—----20 mA Sensing (Before P) 
7.5 us ~7.0V Ref. 
0.7 us 


10. | 


a 
‘. 
a 

xy 


‘20 mA Sensing (After P) 


— “SGND 


MIN. 


* bet Voltage Sensing 


Qualified Programming Equipment 


Approved Personality 
Manufacturer Model No. Module Socket Adaptors 
Data 1/0 
Issaquah, WA — 5,7, 9,17, 19, 29A 919-1555 715-1305-5 
Data I/O “Unipak i] Family Code Pinout Code 
__ Issaquah, WA (950- -0059- -03C) 72 05 
Minato Electronics 
Tokyo, Japan 1850/ 1870 7SP-4XXN ‘5SA-18P20 
Kontron 
Redwood City, CA MPP-80S MOD 18C SA4 
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NEC Electronics Inc. 


Description 

The »PB429 is a high-speed, electrically programmable, 
fully decoded 16384-bit TTL read-only memory. 

On-chip address decoding, three chip-select inputs and 
three-state outputs allow easy expansion of memory 
capacity. The »PB429 is fabricated with logic level zero 
(low); logic level one (high) can be electrically programmed 
into the selected bit locations. The same address inputs 
are used for both programming and reading. 


Features 

LJ A.I.M. (Avalanche Induced Migration), Shorted-junction 
technology 

CL) +10% Vee Operation 

L] Three Chip Select inputs for memory expansion 

L] Three-state outputs (~PB429) 

L] Cerdip and plastic 24-lead dual in-line packages 

L] Fast programming time: 10 sec. max for all 16K bits 

LJ Replaces: 82S191, HM76161, 3636 and 
equivalent devices 

CL) 4 performance ranges: 


Device Address Access Time Power Su 
».PB429 70ns 160mA 
wPB429-1 60ns 160mA 
wu PB429-2 50ns 160mA 
u.PB429-3 45ns 160mA 

Block Diagram 


16,384-bit 
(128 x 128) 
Memory Celis 
Array 


SS Buffer 


A; Ag Ag Aro 


O00 
CS, CS, CS, 


uPB 429 
2,048 x 8-BIT 
BIPOLAR TTL PROM 


Revision 1 


Pin Configuration 


1 
2 
3 
4 
5 
6 
7 
8 


Pin Identification 


Ao-Ai0 Address Inputs 

0,-0, Data Outputs 

CS,, CS2, CS, Chip Selects 

Vec Power (+ 5V) 

GND Ground 
Operation 


Programming 

A logic one can be permanently programmed into a 
selected bit location by using a programmer. First, the 
desired word is selected by the eleven address inputs in 
TTL levels. Disenable the memory by proper application of 
logic levels on the chip selects. Secondly, a train of high- 
current programming pulses is applied to the desired 
output. After the sensed voltage indicates that the selected 
bit is in the logic one state, an additional pulse train is 
applied, then stopped. 


Reading 

To read the memory, enable the device (i.e.;CS, = 0, 
CS, = CS, = 1). The outputs then correspond to the data 
programmed in the selected words. When the chip is 
deselected, all the ouputs will be floating. 
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Absolute Maximum Ratings* 


— 25°C to + 75°C 
— 65°C to + 150°C 
—0.5to +5.5 Volts 


Operating Temperature 


Storage Temperature 


\All Output Voltages 


All Input Voltages —0.5 to + 5.5 Volts 


—0.5 to +7.0 Volts 
50mA 


Supply Voltage Vcc 


Output Currents 


* COMMENT: Exposing the device to stresses above 
those listed in Absolute Maximum Ratings could cause 
permanent damage. The device is not meant to be 
operated under conditions outside the limits described 
in the operational sections of this specification. Expo- 
sure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Capacitance 
Ta = 25°C, f = 1 MHz, Voc = 5.0V, Vin = 2.5V 
Characteristics Symbol Min. Max. Unit 
Input Capacitance Cw 8 pF 
Output Capacitance Cour 10 pF 
DC Characteristics 
Ta= O°C to + 75°C, Voc = 4.50V to 5.50V 

Parameter Symbol —_ Unit Test Conditions 

Min. Typ. Max. 

Input High Voltage Vin 2.0 Vv 
Input Low Voitage Vir 08 OV 
Input High Current lien 40 pA V, = 5.5V, Voc = 5.5V 
Input Low Current —te 0.25 mA _ V, = 0.4V, Voc = 5.5V 
Output Low Voltage Vo 0.45 V lo. = 16 MA, Voc = 4.5V 
Output Leakage Current lorF1 40 pA Vo = 5.5V, Voc = 5.5V 
Output Leakage Current —Io¢r2 40 HA Vo = 0.4V, Voc = 5.5V 
Input Clamp Voltage —Vic 1.2 V |, = —18mMA, Voc = 4.5V 
Power Supply Current ks 100 160 mA aa aa 
Output High Voltage Von 2.4 V lon = —2.4mA 
aphaaa Circuit =“ 20 70 mA V, = 0V 


AC Characteristics 
Ta = 0°C to + 75°C, Voc = 4.50V to 5.50V 
Parameter Symbol »PB429-3 |. PB429-2 . PB429-1 .PB429 ynit 


Test 

Min. Max. Min. Max. Min. Max. Min. Max. Conditions 
Address 
Access Time taa 45 50 60 70 ~26ons 
Chip Select 
Access Time tacs 30 30 40 50 ns O@OO®@ 
Chip Select 
Disable Time tocs 30 30 40 50 ns 


Notes: © Output Load: See Figure 1. 
® Input Waveform: 0.0V for low level and 3.0V for high level, less than 
10ns for both rise and fall times. 
@® Measurement References: 1.5V for both inputs and outputs. 
® C, in Figure 1 includes jig and probe stray capacitances. 


NEC 


Figure 1. Loading Conditions Test Circuit 


Programming Specification 

You must rigorously observe this specification in order to 
program the NEC Bipolar PROMS correctly. NEC will not 
accept responsibility for any device found to be defective if 
it was not programmed according to this specification. 


A typical programming operation is performed by sensing, 
programming, and sensing again to find out if the word to 
be programmed has reached the desired state. Disenable 
the memory by proper application of logic levels in the three 
chip selects. 


Sensing is accomplished by forcing a 20 mA current into 
the selected location via the output. The sense measure- 
ment ensures that the voltage required to force this 20 mA 
current is less than the reference voltage. If this condition 
is satisfied, then that bit location is in the logic one 

(high) state. 


Programming is accomplished by forcing a 200 mA current 
into the selected bit via the output. The current pulse is 
applied for 7.5 ws and then the location is sensed before a 
second programming current pulse is applied. This process 
continues until the selected bit is altered to the one state. 
You can tell that a bit is programmed when two successive 
sense readings, 10 ws apart with no intervening program- 
ming pulse, pass the limit. When this condition has been 
met, four additional pulses are applied, and the sense 
Current is terminated. 


Characteristic Limit Unit Notes 

Ambient Temperature 25+5 °c 

Programming pulse 

Amplitude 200 + 5% mA 

Clamp voltage 28 + 0% — 2% V 

Ramp rate (both in rise 

and in fall) 70 max. Vins 

Pulse width 7.5 + 5% us 15V point/ 
1500 load. 

Duty cycle 70% min. 

Sense current 

Amplitude 20 + 0.5 mA 

Clamp voltage 28 + 0% — 2% Vv 

Ramp rate 70 max. Vins 15V point/ 
1502 load. 

Sense current interruption before 

and after address change 10 min. Ss 

Programming Vcc 5.0 + 5% — 0% V 

Maximum sensed voltage 

for programmed one 7.0 + 0.1 Vv 

Delay from trailing edge of 

programming pulse before 

sensing output voltage 0.7 min. LS 


uPB429 


Figure 2. Typical Output Voltage Waveform Qualified Programming Equipment 
Approved Personality 
Additional Pulse Train - 28V Clamp Manufacturer Model No. Module Socket Adaptors 

—~---200 mA Program Pulse Data '/0 

Issaquah, WA 5,7,9,17,19,29A 919-1555 715-1628-2 

a ee ee Data /O Unipak Il Family Cod Pinout Cod 

, ata nipa amily Code nou ode 
75 us = 720 nA Cersing (Before Issaquah, WA (950-0059-03C) 72 21 
: 10 us ne ‘ee oui Minato Electronics 1850/1870 7SP-4XXN 5SA-24P74 
0.7 us --10 ps X& S 20 mA Sensing (After P) Tokyo, Japan 
MIN. ‘GND Kontron MPP-805 MOD 18C SA22 


Redwood City, CA 


he Voltage Sensing 
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Section 12 — Packaging Information Page 
Package/Device Cross Reference ......sceccrscscnsuncsscsesneesrennenseseans isiavence 12-1 
14 Pin Plastia DIP (400 Wl) sasecccncasvaesvesers ny c2000 618 6aved sueres eyed 12-3 
16 Pin Pipsiic Ol (G00 TU) nse se 50550544 0852054500602 ee eRKe Revs ines mee 12-3 
16 Pin Plastic DIP (300 mil, Semiwide BOGy) ....scscrscassassessuesaenweniun 12-4 
16 Pin Plasti¢ DIP (S00 mil, Wid6 BOY) sicsiccaceecdederscensiecasenaaenenen 12-4 
16 Pin PIQBUG ZIP sv-b52005w00nn000s8esc000 60 0099) 066096049905 100 4s ben ewans 12-5 
18 Pin PIGGHG: De (G00 MHL) - cvneeveccudavescuneheeeeanh sake enn Rese Renennnes 12-5 
18 Pin Plastic DIP (300 mil, Semiwide Body) ....... ccc cece cece eee e eee eees 12-6 
18 Pin Plaatia DIF (300 mil, Wide Body) iiscsscacanvasanssecevecascverasnenen 12-6 
18 Pin Pigstie Leadioet Cnip Caine! oxi ven ha cea ekeesoeseensieses ed onsenewed 12-7 
18 Pin Meramic DIF (ACO Gl) 1i03%0000545002984 000 eke on eu se he eRe aRenmes 12-7 
18 Pin COMIs (SOOM) cavcvescecten ss cere sb sere deidneseeceraeekndenenewes 12-8 
20 Pin PISStG DIP (GOO IN) cancatccbecsccavdnsnetedsraarssineanbesesacnadas 12-8 
20 Pin Plastic DIP (300 mil; Wide BOGY) iscaceciceccacsceesvencaviwescaeresen 12-9 
22 Pin Plastic DIP (500 til, Wide BOG) <ssscedawededneenswninenanecunewnwnine 12-9 
22 Pin Ceramic Leadless Chip Carrier ....... ccc cece ccc cee cece eee eee eeees 12-10 
22 Pin SIMM, MC-41256A4A (Glass-epoxy Substrate) .......... cece eee eee eee 12-10 
22 Pin SIMM, MC-411000A1A (Glass-epoxy Substrate) ........ cece eee eee 12-11 
22 Pin SIMM, MC-41256A4C (Ceramic Substrate) .......... cece cece eee eee 12-11 
22 Pin SIMM, MC-411000A1C (Ceramic Substrate) ......... cc ccc cece ee eens 12-12 
24 Pin PiastiG DIP (B00 TW) sascexee ines 209050 060060000s8nndCseneenuarere 12-12 
24 Pin PIBStiC DIR TAO BU) axvkssse vane aeans eek din csaennwewess cnmeewawneas 12-13 
24 Pin PISSHC UI UG, fnbcanaeekeracancerndcerascactbuimeeneheneknenans 12-13 
24 Pin ceramic DIP (400 THT sacdecsvastvevoveriacsn view annvaisondnemedaenes 12-14 
24 Pin Coerdip (G00 Ml). ccccun ceed sa000eeanes 0st i sadsestinssascnnetaanaadxs 12-14 
24 Pin CSIAIG FIGQIDAOK ss.avcc25208 40415 0V seen 4990 ED DOKREIRAoEnarTers 12-15 
24 Pin PUBS RIININS Sone natann cree okt eee ened tinasamenenacmeneendensnns 12-15 
24 Pin Ceramic Leadiess Chid Carrier sccccccevesssecnwenacnmaummmnmansns os 12-16 
24 Pin SIMM, MC-41256A5A (Glass-epoxy Substrate) .......... cc cece eee eee 12-16 
24 Pin SIMM, MC-41256A5C (Ceramic Substrate) ........... cc cece eee eee 12-17 
26/20 Pin PISS Se son cune oe 0000 ¥susns0eenaureserenenmeanvartnennntaenereas 12-17 
28 Pin PrIeeuC LIP (GOUT) weeksk ware ke denwndueeewneneeweidennnesenane ass 12-18 
28 Pin Cerio (GOGO) cccuxinnc ded si biasecdneeeidoonesetarecncnsreo¥ eres 12-18 
28 Pin CSrain (O00 Ml, WIE BOGY) cccircctancewsetenniavoensnsnmwamenuaen dan 12-19 
28 Pin PidgUG CUMING 4006 cue kdeon dasa vedeusaweneendabedeudbomaeeekeaseees 12-19 
30 Pin SIMM, MC-41256A8A (Glass-epoxy Substrate) .......... cece cece eee 12-20 
30 Pin SIMM, MC-41256A9A (Glass-epoxy Substrate) .......... cece eee eee ee 12-20 
30 Pin SIMM, MC-41256A8B (Glass-epoxy Substrate) .......... cee eee eee eee 12-21 
30 Pin SIMM, MC-41256A9B (Glass-epoxy Substrate) ........... cece eee eee 12-21 
32 Pin Ceramic Leadioss Guip Gaiviel ciisocctvcuscevananteuntonenerteenens 12-22 
40 Pin PIASte DIP (G00 NN) canccver sec enworeuscckweweenekceaeavevaneenneds 12-22 
40 Pin GCerdip (600 mil, Wide BOY) ccsscsctardsevacesaavasdrsaaanensnccurens 12-23 
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Package/ Device Cross Reference 


Package 
14-Pin Plastic DIP 
16-Pin Plastic DIP 


16-Pin Plastic DIP 
(300 mil, Semiwide Body) 


16-Pin Plastic DIP 
(300 mil, Wide Body) 


16-Pin Plastic Zig-Zag 
Inline Package 


18-Pin Plastic DIP 


18-Pin Plastic DIP 
(300 mil, Semiwide Body) 


18-Pin Plastic DIP 
(300 mil, Wide Body) 


18-Pin Plastic Leadless 
Chip Carrier 


18-Pin Ceramic DIP 
(300 mil) 


18-Pin Cerdip (300 mil) 


20-Pin Plastic DIP 
(300 mil) 


20-Pin Plastic DIP 
(300 mil, Wide Body) 

22-Pin Plastic DIP 
(300 mil, Wide Body) 


22-Pin Ceramic LCC 


22-Pin SIMM, MC-41256A4A 


(Glass-epoxy Substrate) 


Device 
uPD41221C 


uUPD4164C 
uUPD4265C 


uPD41256C 
(Process Code F) 


uPD41256C 
(Process Codes 
P and L) 
uPD41257C 


UPD41256V 


uUPD41416C 
UPB426C 


uUPD41464C 
(Process Codes 
L and F) 


uUPD41464C 
(Process Code Kk) 

uPD411000C 

uPD411001C 


uPD41256L 
uMPD41257L 
uUPD41464L 


uPB10470D 
4PB100470D 


uPD2147AD 
uPD2149D 
UPB426D 


uPD4311C 
uUPD4314C 


uPD414256C 


uUPD4361C 
uUPD4362C 


uPD4361K 
MC-41256A4A 


PACKAGING INFORMATION 


Package 


22-Pin SIMM, MC-411000A1A 


(Glass-epoxy Substrate) 


22-Pin SIMM, MC-41256A4C 


(Ceramic Substrate) 


22-Pin SIMM, MC-411000A1C 


(Ceramic Substrate) 


24-Pin Plastic DIP 
(300 mil) 


24-Pin Plastic DIP 
(400 mil) 


24-Pin Plastic DIP 
(600 mil) 


24-Pin Ceramic DIP 
(400 mil) 


24-Pin Cerdip (600 mil) 


24-Pin Ceramic Flatpack 


24-Pin Plastic Miniflat 


24-Pin Ceramic LCC 


24-Pin SIMM, MC-41256A5A 


(Glass-epoxy Substrate) 


24-Pin SIMM, MC-41256A5C 


(Ceramic Substrate) 
26/20-Pin Plastic SOJ 


28-Pin Plastic DIP 
(600 mil) 


Device 
MC-411000A1A 


MC-41256A4C 


MC-411000A1C 


uPD41101C 
uPD41102C 


uUPD41264C 


uUPD446C 
uUPD449C 
uUPD4016C 
UPD2364AC 
UPB429C 


uPB10422D 
uPB10474D 

uPB100422D 
uPB100474D 


UPB429D 


MPB100422B 
4PB100474B 


UPD446G 
UPB100474K 


MC-41256A5A 


MC-41256A5C 


MPD411000LA 
MPD411001LA 
UPD414256LA 


uUPD4168C 
UPD42832C 
uUPD4364C 
uUPD4464C 
UPD43256C 
uUPD2764C 
uUPD27128C 
uUPD27C64C 
uUPD27C256C 
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Package/ Device Cross Reference (cont) 


Package Device Package Device 
28-Pin Plastic DIP uPD27C256AC 30-Pin SIMM, MC-41256A8A MC-41256A8A 
(600 mil) (cont) uUPD2364EC (Glass-epoxy Substrate) 
uPD23128EC 
uPD23C64EC 30-Pin SIMM, MC-41256A9A MC-41256A9A 
uPD23C128EC (Glass-epoxy Substrate) 
uUPD23C256EC 
(Glass-epoxy Substrate) 
28-Pin Cerdip (600 mil) uPD2764D 
uPD27128D 30-Pin SIMM, MC-41256A9B MC-41256A9B 
uPD27C64D (Glass-epoxy Substrate) 
32-Pin Ceramic LCC uPD27C256AK 
28-Pin Cerdip uPD27256D 
uPD27C256AD (600 mil) 
pPDeruole2 40-Pin Cerdip uPD27C1024D 
28-Pin Plastic Miniflat uPD42832G (600 mil, Wide Body) 
UPD4364G 
UPD4464G 
UPD43256G 
uUPD27C256AG 
UPD23C256AG 
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14-Pin Plastic DIP (400 mil) 


Millimeters Inches 

20.32 max .800 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
50 + .10 £20 oon 


15.24 -600 

1.2 min .047 min 
3.2+.3 -126 + .012 
-51 min .020 min 
4.31 max -170 max 
5.08 max -200 max 
10.16 [TP] 400 [TP] 
8.6 339 


+.10 +.004 
ce O10 ons 


> 


0 |9/9 


E 
F 
G 
H 
1 
J 
K 
L 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


16-Pin Plastic DIP (300 mil) 


Millimeters Inches 

20.32 max -800 max 
1.27 max .050 max 
2.54 [TP] .100 [TP] 


+.004 
ab ans 


.700 
.047 min 
-138 + .012 
-020 min 
4.31 max -170 max 
5.08 max .200 max 
7.62 [TP] .300 [TP] 
6.4 .252 
+.10 


> 


rl x;e;/—|/ITialanim| o |Q/|o 


010 +.004 


25 _'o5 010 _ 003 


1.0 min .039 min 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 
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16-Pin Plastic DIP (300 mil, Semiwide Body) 


Millimeters Inches 

20.32 max -800 max 
1.27 max -050 max 
2.54 [TP] .100 [TP] 


+.004 
50 + .10 .020 — 005 


17.78 -700 

1.2 min .047 min 
3.2 + .3 -126 + .012 
51 min .020 min 
4.31 max -170 max 
5.08 max -200 max 
7.62 [TP] .300 [TP] 
6.7 .264 


+.10 +.004 
25 vos 010 "O53 


1.0 min .039 min 


> 


0 |9O/}@ 


-| Kiel} —|/zriaot nim 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


83-003634B 


16-Pin Plastic DIP (300 mil, Wide Body) 


Millimeters Inches 

20.32 max .800 max 
1.27 max -050 max 
2.54 [TP] -100 [TP] 


+.004 
-50 + .10 -020 — 005 


17.78 -700 

1.2 min .047 min 
3.2+.3 -126 + .012 
51 min 020 min 
4.31 max -170 max 
5.08 max -200 max 
7.62 [TP] -300 [TP] 
7.4 .291 


+.10 +.004 
25 08 010 _ 903 


1.0 min .039 min 


> 


er; KA; eol—-|zr ai nmim o |aQ|D 


Note: 
[1] Each lead centerline is located within .25 \ Poa 
mm [.010 inch] of its true position [TP] at —> 


maximum material condition. 0- 15° 


[2] Item “K” to center of leads when formed 
parallel. 


83-003580B 
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E 


16-Pin Plastic ZIP 


> 


Millimeters 
21.59 max 
1.27 max 
1.27 [TP] 


Inches 

-850 max 
.050 max 
.050 [TP] 


-50 + .10 


19.05 


+.004 
~,005 
-750 


.020 


3.5 + .3 


-138 + .012 


.035 min 


-260 


8.3 max 


.327 max 


2.54 [TP] 


-100 [TP] 


B 
Cc 
D 
E 
F 
G 
H 
| 
J 
K 


2.8 + .2 


-110 + .008 


rc 


Notes: 


+.10 


oF an 


+.004 
010 "593 


PACKAGING INFORMATION 


[1] Each lead centerline is located within .12 
mm [.005 inch] of its true position [TP] at 
maximum material condition. 


83-003585B 


18-Pin Plastic DIP (300 mil) 


> 


Millimeters 
22.86 max 


1.27 max 


Inches 
.900 max 
.050 max 


2.54 [TP] 


-100 [TP] 


-50 + .10 


+.004 


-020 


—.005 


20.32 


-800 


1.2 min 


.047 min 


3.5 + .3 


-138 + .012 


-51 min 


-020 min 


4.31 max 
5.08 max 


-170 max 


-200 max 


7.62 [TP] 


-300 [TP] 


ri A/e —-| zr oO; nim!) o |O/|o 


6.4 


.252 


| rn 


+10 008 WIT TY] 
25 — 05 .010 — 003 
1.0 min .039 min 
Notes: 
[1] Each lead centerline is located within .25 


mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


83-003630B 
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18-Pin Plastic DIP (300 mil, Semiwide Body) 


18 10 
item Millimeters inches 
A 22.86 max -900 max 
B 1.27 max .050 max 
Cc 2.54 [TP] .100 [TP] 
D 50 +..10 020 008 
E 20.32 .800 
F 1.2 min .047 min 1 9 
G 3.2+ .3 126 + .012 
H 51 min .020 min . K 
1 4.31 max -170 max L 
J 5.08 max -200 max 
K 7.62 [TP] .300 [TP] 
L 6.7 -264 \ ; 
mM 25 8 Se 
N 1.0 min .039 min 
Notes: i Nas 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 


[2] Item “K” to center of leads when formed M 0-15° 
parallel. 
83-003588B 
18-Pin Plastic DIP (300 mil, Wide Body) 
Item Millimeters Inches 
A 22.86 max -900 max 
B 1.27 max .050 max 
Cc 2.54 [TP] -100 [TP] 
+.004 

D .50 + .10 .020 — 005 
E 20.32 .800 
F 1.2 min .047 min 
G 3.2+ .3 -126 + .012 K 
H -51 min .020 min L 
l 4.31 max -170 max 
J 5.08 max .200 max 
K 7.62 [TP] .300 [TP] 
L 7.35 .289 : 

+.10 +.004 
M .25 — 05 .010 — 003 

Notes: G 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 


M 4° 
parallel. 0-15 


83-003586B 
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N. E PACKAGING INFORMATION 


18-Pin Plastic Leadiess Chip Carrier 


Millimeters Inches 
13.4 + .20 -528 + .008 
3.71 + .15 -146 + .006 
1.27 .050 

.40 + .10 .016 + .004 
12.5 -492 

.60 .024 

.8 min .031 min 
2.40 + .20 .094 + .008 
2.6 -102 

3.50 + .20 -138 + .008 
8.30 + .20 .327 + .008 
7.40 291 


+.10 “+.004 
a0 08 008 _ 002 


-1.80+.20 071 + .008 
70 028 
11.68+.20  .460 + .008 
6.6 + .20 .260 + .008 


> 


B 
Cc 
D 
E 
F 
G 
H 
! 
J 
K 
L 
M 
N 
1) 
P 
Q 


83-003581B 


18-Pin Ceramic DIP (300 mil) 


Millimeters Inches 

A 25.40 max 1.000 max 
2.54 max -100 max 
2.54 [TP] 100 [TP] 
.46 + .05 .018 + .002 


20.32 .800 | 1 9 | 
1.25 min .049 min A 


B 
Cc 
D 
E 
F 
G 3.5 + .3 -138 + .012 : 
H 51 min .020 min 
I 2.90 114 
J 4.57 max -180 max 
K 7.62 [TP] .300 [TP] 1 J 
L 7.32 .288 
M 25 +..05 o10 78 | i 
ees H |G 
Notes: 
[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at + - F sili en 
B 


maximum material condition. 


[2] Item “K” to center of leads when formed 
parallel. 


c M 0- 15° 
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PACKAGING INFORMATION N: EK 


18-Pin Cerdip (300 mil) 


Millimeters Inches 
22.86 max -900 max 
1.27 max .050 max 
2.54 [TP] 100 [TP] 
46 + .05 .018 + .002 
20.32 800 

1.42 min .055 min 
3.5+.3 138+ .012 
51 min 020 min 
3.95 .156 

5.08 max .200 max 


K 
L 
7.62 [TP] .300 [TP] | | 
6.60 .260 
+.002 og ee Oe © es ee ee es Bi OG 
M .25 + .05 .010 J 
—,00 
Sees =O Pb Le) Ly ee Pe LP 
N .89 min .035 min 
Notes: 
[1] Each lead centerline is located within .25 G 
mm [.010 Inch] of its true position [TP] at 
maximum material condition. 


[2] Item “K” to center of leads when formed ~a/ Pe 
parallel. 


> 


B 
Cc 
D 
E 
F 
G 
H 
I 
J 
K 
L 


83-003629B 


20-Pin Plastic DIP (300 mil) 


Millimeters Inches 
25.40 max 1,000 max 
1.27 max .050 max 
2.54 [TP] -100 [TP] 


+.004 
—.005 


> 


0 |0O;|}o 


50 + .10 .020 


22.86 .900 

1.1 min .043 min 
3.5 + .30 -138 + .012 
51 min .020 min 
4.31 max -170 max 
5.08 max .200 max 
7.62 [TP] .300 [TP] 
6.4 .252 


+.10 +.004 
.010 ~ 003 


9 min .035 min 


©@|n\|m 


ry), xA;o]—|=z 


a6 _ os 


Note: 
[1] Each lead centerline is located within .25 

mm [.010 inch] of its true position [TP] at 

maximum material condition. Ne 
[2] Item “K” to center of leads when formed 

parallel. 


83-001491B 
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NV: E Cc PACKAGING INFORMATION 


20-Pin Plastic DIP (300 mil, Wide Body) 


Millimeters Inches 
25.40 max 1.000 max 
1.27 max .050 max 
2.54 [TP] 100 [TP] 


50 +.10 eo 
22.86 900 

1.2 min .047 min 
3.24.3 126 + .012 
51 min .020 min 
4.31 max -170 max 
5.08 max .200 max 
7.62 [TP] .300 [TP] 
7.25 .285 


+.10 
2 _ os 


Item 
A 
B 
c 
rs) 
E 
F 
G 
H 
| 
J 
K 
L 
M 


+.004 

010 —.003 

Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
paraliel. 


83-003626B 


22-Pin Plastic DIP (300 mil, Wide Body) 


22 12 
Item Millimeters Inches 
A 30.48 max 1.200 max 
B 2.54 max -100 max 
Cc 2.54 [TP] -100 [TP] 
+,004 

D -50 + .10 .020 — 005 
E 25.40 1.000 1 11 
F 1.2 min .047 min 
G 3.20+.30 126 + .012 A K 
H 51 min .020 min L 
i 4.31 max -170 max 
J 5.08 max .200 max 
K 7.62 [TP] .300 [TP] ; 
iL 7.40 .291 

+.10 +.004 
M .25 — 05 .010 — 003 
N .9 min .035 min H |G 

Note: 
[1] Each lead centerline is located within .25 LL 
mm [.010 inch] of its true position [TP] at M 
maximum material condition. 0-15 


[2] Item “K” to center of leads when formed 
parallel. 


83-003577B 
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PACKAGING INFORMATION 


22-Pin Ceramic LCC 


Item 


A 


Millimeters 
12.45 + .35 


Inches 
.490 + .014 


1.14 


.045 


2.29 


-090 


64 


.025 


7.37 + .35 


290 + .014 


4.27 


.050 


2.26 max 


.089 max 


.055 


-300 


150 
.012 rad 


B 
Cc 
D 
E 
F 
G 
H 
| 
J 
K 
L 


: 008 rad 


NEC 


83-003578B 


Millimeters Inches 
56.52 2.225 
11.43 max -450 max 
2.54 -100 

45 .018 

5.30 max .209 max 
.25 .010 

4.00 -157 


83-003205B 
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N. E Cc PACKAGING INFORMATION 


22-Pin SIMM, MC-411000A1A (Glass-epoxy Substrate) 


12-11 


Millimeters 


61.0 


9.7 max 


2.54 
45 


5.08 max 


PACKAGING INFORMATION 


22-Pin SIMM, MC-411000A1C (Ceramic Substrate) 


2.40 


.382 max 


Inches 


.25 


4.00 


Millimeters 
33.02 max 


> 


24-Pin Plastic DIP (300 mil) 


Inches 
1.300 max 


2.54 max 


-100 max 


2.54 [TP] 


-100 [TP] 


0 |9O;|}oa 


-50 + .10 


+.004 
-020 — 005 


27.94 


1.100 


1.2 min 


.047 min 


3.50 + 0.3 


-138 + .012 


0.51 min 


.020 min 


4.31 max 


-170 max 


5.08 max 


.200 max 


7.62 [TP] 


.300 [TP] 


rl Al el —| zo; n\m 


6.4 


.252 


+.10 
25 —05 


+.004 
.010 — 003 


1.0 min 


Notes: 


.039 min 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 


[2] Item “K” to center of leads when formed 


parallel. 
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NEC 


83-003476B 


ee 


0-15° 


83-003725B 


24-Pin Plastic DIP (400 mil) 


Millimeters Inches 


30.48 max 1.200 max 
1.27 max .050 max 


2.54 [TP] .100 [TP] 


+.004 
-50 + .10 020 — 005 


27.94 1.100 


1.2 min .047 min 


3.2 + 0.3 -126 + .012 


-51 min -020 min 


4.31 max -170 max 


5.08 max .200 max 


10.16 [TP] .400 [TP] 


8.6 -339 


+.10 +.004 
25 —05 .010 — 003 


Notes: 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 


[2] Item “K” to center of leads when formed 
parallel. 


24-Pin Plastic DIP (600 mil) 


Millimeters Inches 
33.02 max 1.300 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
-50 + .10 .020 — 005 


27.94 1.100 

1.2 min .047 min 
3.5+ 0.3 -138 + .012 
.51 min .020 min 
4.31 max -170 max 
5.72 max .226 max 
15.24 [TP] .600 [TP] 
13.2 .520 


+.10 +.004 
.25 —05 .010 — 003 


Notes: 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 


[2] Item “K” to center of leads when formed 
parallel. 


PACKAGING INFORMATION 


83-003627B 


83-001950B 


12-13 


PACKAGING INFORMATION E 


24-Pin Ceramic DIP (400 mil) 


Millimeters Inches 


33.02 max 1.300 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 
.46 + .05 .018 + .002 
27.94 1.100 

1.25 min .049 min 
3.5 + .3 138 + .012 
51 min .020 min 
2.74 -108 

4.57 max -180 max 
10.16 [TP] 400 [TP] 
10.0 .394 


+.002 
—.003 


1.0 min .039 min 


-25 + .05 .010 


z\=z r|zl/e|-|z) o/s) miojo/a/>/s 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


83-003549B 


24-Pin Cerdip (600 mil) 


Millimeters Inches 
33.02 max 1.300 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
-50 + .010 -020 — 005 


27.94 1.100 

1.2 min .047 min 
3.0 + .3 118 + .012 
51 min .020 min 
3.80 .150 

5.08 max .200 max 
15.24 [TP] .600 [TP] 
13.21 520 


> 


0 |9O|oa 


m-|xK\/e|}—|zr1o;|n|m 


+.002 
—.003 


-25 + .05 .010 


Notes: 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


83-003633B 
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PACKAGING INFORMATION 


24-Pin Ceramic Flatpack 


Millimeters Inches 


> 


2.6 max -102 max 

9.5 374 
.005 
.020 
.272 
.079 
.350 
.350 
.017 
.250 
.050 


Aljel/—-|Ir anim) o/a|o 


83-003583B 


24-Pin Plastic Miniflat 


Millimeters Inches 

16.51 max .650 max 
1.27 max .050 max 
1.27 [TP] .050 [TP] 


+.004 
.40 + .10 00S on 


+2 +.008 
Bol 004 _ ‘004 


2.5 max .099 max 
2.00 .079 


+.013 
12.2+.3 480 "545 


8.4 331 
1.9 .075 


+.004 
a? 9s 008: 002 


+.009 
.035 — 008 


Notes: ft 
[1] Each lead centerline is located within .12 A 
mm [.005 inch] of its true position [TP] at 
maximum material condition. 


83-002701B 
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PACKAGING INFORMATION NEC 


24-Pin Ceramic LCC 


Millimeters Inches 


A 
B 
Cc 
D 
E 
F 
G 
H 


12-16 


N. E Cc PACKAGING INFORMATION 


24-Pin SIMM, MC-41256A5C (Ceramic Substrate) 


Ce 
ok — 


26/20-Pin Plastic SOJ 


12-17 


PACKAGING INFORMATION 


28-Pin Plastic DIP (600 mil) 


Millimeters Inches 
38.10 max 1.500 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
50 + .10 020 *oo5 


33.02 1.300 

1.2 min .047 min 
3.6 + .30 -142 + .012 
-51 min -020 min 
4.31 max -170 max 
5.72 max -226 max 
15.24 [TP] -600 [TP] 
13.20 520 


+.10 +.004 
25 5 010 "503 


zZzirixic|-|zlalalm| o 0) a) >| s 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


28-Pin Cerdip (600 mil) 


Item Millimeters Inches 

A 38.10 max 1.500 max 

B 2.54 max -100 max 

Cc 2.54 [TP] -100 [TP] 

D 50 +.10 020 * O08 

E 33.02 1.300 

F 1.2 min .047 min 

G 3.5 + .3 138 + .012 

H -51 min .020 min 

I 3.80 -150 

J 5.08 max .200 max 

K 15.24 [TP] .600 [TP] 

L 13.21 520 

M 25 +..05 o10 "02 

N 7.62 dia .300 dia 
Notes: 


{1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed M 0-15° 
parallel. D 


83-003632B 
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E 


PACKAGING INFORMATION 


28-Pin Cerdip (600 mil, Wide Body) 


> 


Millimeters 
38.10 max 


Inches 
1.500 max 


2.54 max 


-100 max 


2.54 [TP] 


.100 [TP] 


50 + .10 


33.02 
1.2 min 


+ .004 
— .005 


1.300 


.020 


.047 min 


3.5 + .3 


-51 min 
3.80 


rl A;e]/—-|zriali nim); o |O/;oa 


5.08 max 
15.24 [TP] 
14.66 


-138 + .012 
.020 min 


.150 
.200 max 


Notes: 


.25 + .05 


600 [TP] 
577 


+.002 


.010 ~ 003 


8.89 dia 


.350 dia 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


28-Pin Plastic Miniflat 


Millimeters 
19.05 max 


Inches 
.750 max 


1.27 max 


.050 max 


1.27 [TP] 


,050 [TP] 


+.004 


.016 — 005 


-650 


.004 


+.008 
—.004 


.099 max 


.079 


465 


+.012 
—.013 


Note: 


[1] Each lead centerline is located within .12 
mm [.005 inch] of its true position [TP] at 


maximum material condition. 


83-001676B 
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PACKAGING INFORMATION NEC 


30-Pin SIMM, MC-41256A8A (Glass-epoxy Substrate) 


Item Millimeters — Inches 


fF on 


~ igi 


83-003207B 


30-Pin SIMM, MC-41256A9A (Glass-epoxy Substrate) 


Item Millimeters Inches 


= FE oa 


YY 
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NEC 


30-Pin SIMM, MC-41256A8B (Glass-epoxy Substrate) 


2.54 ‘ 


Millimeters 
88.90 


Inches 
3.500 


16.80 max 


1.78 


.661 max 
100 
.070 


5.08 max 


.200 max 


¢/-|Z/O}a\m\o\o|a|>|s 


1.27 + .08 


-050 + .0032 


10.16 
6.35 
82.10 


-400 
250 
3.232 


3.175 dia 


Millimeters 
88.90 


-125 dia 


Inches 
3.500 


254 


427+ 08 
10.16 
6.35 


16.8 80 max 


661max 


-100 


1.78 


070° 


5.08 max 


~ 200 max 


.050 + .0032 


400 


250° 


82.10 
3.175 dia 


Item 
A 
— 
Cc 
D 
E 
F 
G 
H 
I 
J 


3.232. 


-125 dia 


PACKAGING INFORMATION 


83-003210B 


83-003212B 
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PACKAGING INFORMATION 


32-Pin Ceramic LCC 


Inches 
-55 + .008 


Millimeters 
13.97 + 0.20 
1.9 

1.27 

64+ .1 
10.16 

1.9 

1.02 

2.17 

3.0 max 
11.43 + .15 
7.62 

1.27 + .15 
7.11 dia 


Item 
A 
B 
Cc 
D 
E 
F 
G 
H 
| 
J 
K 
L 
M 


40-Pin Plastic DIP (600 mil) 


Inches 
2.100 max 
-100 max 
-100 [TP] 


+.004 
50 + .10 020 ~oos 


1.900 

.047 min 
142 + .012 
.020 min 
.170 max 


Millimeters 
53.34 max 
2.54 max 
2.54 [TP] 


48.26 

1.2 min 
3.6 + .3 
51 min 
4.31 max 
5.72 max 
15.24 [TP] 


Zir\;xXxl\e|}/—|ralnlim!| o 0} o|>|s 


[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


12-22 


C 1.02 mm 
[three corners) 


C 0.51 mm 
[index corner] 


83-0002714B 


\e- 


0- 15° 


iii 


p leo 


83-001399B 


NEC PACKAGING INFORMATION 


40-Pin Cerdip (600 mil, Wide Body) 


Millimeters Inches 
53.34 max 2.100 max 
2.54 max -100 max 
2.54 [TP] -100 [TP] 


+.004 
50 + .10 020 "hos 


48.26 1.900 

1.2 min .047 min 
3.5 + .3 -138 + .012 
-51 min -020 min 
3.80 -150 

5.08 max -200 max 
15.24 [TP] -600 [TP] 
14.66 577 


+.002 
—.003 


8.89 dia .350 dia 


.25 + .05 .010 


Item 
A 
B 
Cc 
D 
E 
F 
G 
H 

1 
J 
K 
L 
M 
N 


Notes: 

[1] Each lead centerline is located within .25 
mm [.010 inch] of its true position [TP] at 
maximum material condition. 

[2] Item “K” to center of leads when formed 
parallel. 


83-003631B 
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PACKAGING INFORMATION NEC 


12-24 
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® 
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